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MAGNETIC DATING OF VESUVIAN LAVAS 

Pasquale Tiano 

Abstract 

A palaeomagnetic study has been carried out on Vesuvian lava flows emplaced since 79 

AD. This involved both palaeodirection and palaeointensity investigàtions of samples 

from sites on the W, S and SE slopes of the volcano. Thermal demagnetization of 3 

component IRMs, susceptibility measurements and coercivity analyses bave been 

carried out on one pilot specimen per site in order to identify the magnetic carriers and 

to estimate the magnetic grain size. The identificatìon of the primary direction of T R M 

was carried out foUowing very stringent criteria (Incoronato, 1996). Palaeointensities 

were evaluated using both a modification of the Modified Thellier & Thellier method 

(McClelland et al., 1996) and the innovatìve microwave technique (Shaw et al., 1999). 

This study has shown that estabhshing whether or not dififerent exposures or flows are 

contemporaneous can be established and, in most, but not ali, cases can be undertaken 

successfully using magnetic information recorded by Vesuvian lavas to define the 

geomagnetic field direction and intensity at the time of their eruption. It is shown that 

numerous lava flows, outcropping on the W to S slopes of the volcano, must be 

associated to a large eruption in A D 1631, confirming some previous studies. A new 

age for a lava flow, ascribed in literature to the 1697 event, is suggested on the basis of 

both palaeodirection and palaeointensity investigàtions. Significantly different 

properties bave been found between microwave and thermal experiments although they 

showed an exceptional level of agreement for the A D 1631 lava flow. In general the 

trend the palaeointensity variations was similar to that obtained by thermal processes for 

the last few centuries from other European, Mediterranean and Near East regions 

(Aiticen et al., 1989). 
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6.33,6.35 - Site V29: Zijderveld diagtams, Intensity and aereo jdots 198,200 
6.34,6.36-Site V29: NRM/TRM [dot, NRM dem^etìzation and TRM acquiàtiffli curves 199,201 
6J7,6.39-Site V38: Zijderveld diagrams, Intensity and Stereo plots 208,210 
6 J8,6.40 - Site V38: NRM/TRM jdot, NRM demagndization and TRM acquisition anves 209,211 
6.41,6.43 - Site V39: Zijderveld diagrams, Lotoisity and Stoeo {dots 212,214 
6.42,6.44-Site V39: NRM/TRM plot, NRM demagnedzation ami TRM acquiàtion corves 213,215 
6.45,6.47-Site V40:ZijdaTeld diagrams, Inteaàty and Stereo plots 216,218 
6.46,6.48 - Site V40: NRM/TRM plot, NRM (fem^dization and TRM acquiàtion curves 217, 219 
6.49.6.51 - Site V41 : Zijcterveld diagrams, Inloisity and Stereo plots 220,222 
6.50.6.52 - Site V41: NRM/TRM iriot, NRM dem^dization and TRM acquiàtion curves 221,223 
6.53.6.55- Site V32: Zijderveld diagrams, Intaiàty and Stereo plots 229,231 
6.54.6.56- Site V32:NRMnRM plot, NRM demagnetization and TRM acquiàtion curves 230,232 
6,57,6,59 - Site V34: Zijderveld diagrams, Intenàty and Stereo plots 233,235 
6,58,6,60-Site V34:NRMmiM plot, NRM demagntìÌ2atìonaiKl TRM acquisition curves 234,236 
6,61,6,63-Site V35:Zijdervdd diagrams, Intenàty and Staeo plots 237,239 
6,62,6.64 - Site V35: NRM/TRM plot, NRM danagnetìzatìon and TRM acquiàtion curves 238,240 
6.65,6.67-Site V24:Zij(terveId diagrams, Intaiàty and Stoeo plots 250,252 
6.66,6.68 - Site V24: NRM/TRM fiat, NRM ctemagntìizatìon and TRM acquiàtion curves 251,253 
6.69,6,71-Site V25: Zijderveld diagrams, Intenàty and Stereo idots 254,256 
6.70,6,72 - Site V25 : NRM/TRM plot, NRM demagnetization and TRM acquisition curves 255,257 
6.73.6.75 - Site V42: Zijderveld diagrams, Intaiàty and Stereo plots 258,260 
6.74.6.76 - Site V42: NRM/IRM plot, NRM ̂ Baag^eó^aàon aod TRM acquiàtion curves 259,261 
6.77.6.79 - Site V43 : Zijderveld diagrams, Intaiàty and Stereo plots 262,264 
6.78.6.80 - Site V43 : NRM/TRM plot, NRM demagn̂ ization and TRM acquiàtion curves 263, 265 
6.81,6.83-Site V44: Zijderveld diagrams, Intaisity and Stereo plots 266,268 
6.82,6.84 - Site V44: NRM/TRM plot, NRM demagnOization and TRM acqùiàtì<m curves 267,269 

7.1-Omventìonal NRM/TRM plot forsan5)leV36.13-1 274 
7J-C(mventìoiialNRM/TRMidotforsanqrieV30.1-l 275 
7.3-Conventional NRM/TRM plot forsanq)leV37.8a-l 276 
7.4 - Conventional NRM/ TRM plot far sangde V27.10-1 277 
7.5- Conventional NRM/TRM plot forsamideV27.10-2 278 
7.6- Conventional NRM/TRM plot fi» san?ileV33.12-1 279 
7.7- COTventìonal NRM/TRM plot fi)rsanq)leV26.6b-l 280 
7.8- Conventional NRM/TRM plot fijrsanqjleVS 1.5-1 281 
7.9- Conventional NRM/TRM plot fi)rsan5}IeV31.5-2 282 
7.10a- Sites V26, V27, V30, V31 : Steeo plots showing total vectors moving ftom NRM towards TRM 

direction along greatdrcles. 283 
7.10b - Sites V33, V36, V37: Stereo jdots diowing total vectors moving from NRM towards TRM direction 

along ̂ eat circles. 284 
7.11 - Conventional NRM/ TRM idot for san̂ rie V28.1-2 287 
7.12-Conventional NRM/TRM |dotfi>rsanqjleV29.7-l 288 
7.13 - Convoitìonal NRM/TRM piot for sanqjle V29.7-1 289 
7.14-Convaitìonal NRM/TRM idotfi)rsampleV38.6a-l 290 
7.15 - Sites V29, V28, V38: Stereo plots showing total vectors moving from NRM toward TRM direction 

along greatcircles. 291 
7.16 - Conventional NRM/ TRM {dot for sample V39. lOb-1 292 
7.17- Conventional NRM/TRM idotforsampleV39.1(M>-2 293 
7.18- Conventional NRM/TRM idot for sanqdeV40.7b-l 294 
7,19 - Conventional NRM/ TRM plot for sanqde V41.4a-l 295 
7.20-Conventional NRM/TRM [dot for sample V41.4a-2 296 
7,21 - Sites V39, V40, V41 : Stereo plots showing total vectors moving from NRM towards TRM direction 

along great drclra. 297 
7,22-Conventional NRM/TRM plot fin-sanqde V32.13-1 3(K) 
7,23 - NRM demagnetìsatìon of sanqde V32.13-2 uàng nricrowave 301 
7,24-Conventional NRM/TRM plot for sample V35.9b-1 302 
7.25 - NRM danagnetìsatìonofsanqdeV35.9b-2 uàng microwave 303 
7.26 - Convoitìonal NRM/ TRM jdot for sanq)le V34.8-1 304 

xi 



7.27-ConventìonalNRM/TOM plot fi>rsanq)leV34.8-2 305 
7.M - ates V32, V34, V35: Stereo plots showing total vectors moving from NRM towards TOM direction 

along great circles. 306 
7.29- Conventional NRM/TOM liot for sanqjleV25.2-l 307 
7.30- Conventional NRM/TOM láot for san¿leV25.2-2 308 
7.31 - Conventional NRM/ TOM plot for sanale V24.3-2 309 
7.32 - NRM demagnetisation of saoqde 'W4.3-2 using microwave 310 
7.33 - Sites V24, V25: Stoeo jAots showing total vectors moving from NRM towards TOM direction along 

great circle. 311 
7.34-Conventional NRM/TOM idot for samjdeV42.13b-l 313 
7J5-Conventional NRM/TOM idot for sanq)leV43.9c-2 314 
7.36 - NRM demagnetisation of sanqde V43.9c-1 using microwave 315 
7.37- Conventional NRM/TOM idot for sanqdeV44.3b-l 316 
7.38- Conventional NRM/TOM jdot for sanqde V44.3b-2 317 
7.39 - Sites V24, V25: Staeo plots showing total vectors moving from NRM towards TOM direction along 

great circles. 318 

8.1 - IRMs 3 components and suscqjtibihty behaviours for sanqjle V43.9a 320 
8.2 - IRM acquisition along z and -z for sample V38.4a. 321 
8.3 - IRMs 3 conqnnents and SusceptiWlity behaviours for sanqde V40.8c 322 
8.4-IRM acquisition along z and-z for sanq)leV29.2. 323 
8.5 - IRMs 3 conqnnents and Susceptibility behaviours for sanqde V44.4a 325 
8.6 - IRM acquisition along z and -z for sanqdeA 6̂.5b. 326 
8.7 - IRMs 3 components and Susceptibility behaviours for sanq>ie V30.5 327 
8.8 - IRM acquisition along z and -z axes for sanqde V30.2. 328 
8.9-DifFerentK behaviours for Type B, Ex and Types Al, A2 329 

9.1-Dec/Incgr^ with all sites mean values. 371 
9.2 - The Vesuvian Secular Variation Curve (VSVC). 372 
9.3a,b-9.4aJ)-Time-^)endentgr^ with all themolpalaeointoisity results. 374,375 
9.5a,b-Time-depenctentgRqdi with all microwave palaeointensity results. 376 

10.1 - Thermal - Mioowave conqsred palaeointensity results 

xii 



List of Tables 

Pages 

4.1 - Historical record of Vesuvian éruptions before A.D. 1631 45 

5.1 - Site V30: Directional rœults calculated using principal conqwnent analysis 57 
5.2, S3 - Site V36: Directiotol results calculated using principal conqmnent analysis 64,65 
5.4,5.5-Site V37: Directional results calculated using lïindpalcônqxmentan^^ 70,71 
5.6 - Site V27: EMreâional results calculated using principal conqx>nent analysis 74 
5.7- Site V33: Directional results calculated using principal oomponent analysis 78 
5.8- Site V26: Directional results calculated usiiigiHindpal componen! analy^ 84 
5.9- Site V31:ISiectional results calculated using priiidpalconqxMientatalysis 87 
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9.llaib ĉ - Site V28 directional results. 343 
9.12a,b-Site V29 directional results. 344 
9.13a,b - AD 1697 lava flows directional results. 344 
9.14a4) - Site V38 directional results. 345 
9. lSaJbfi4 - AD 1697: MTT palaeointensity results. 346 
9.16a.b-AD 1714 (1906): MTT palaeointensity results. 346 
9.17a,b,c - AD 1697: Microwave palaeointaisity results. 347 
9,18 - AD 1714 (1906): Microwave palaeointeœàty results. 347 
9,19aJ)vc - Site V39 directional rœults. 349 
9,20Áb,c- Site V40 directional results. 349 
9.21a,b-Site V41 directional results. 350 
9,22a4) - AD 1754 lava flow directional results. 351 
9,23a,b,cd - AD 1754: MTT palaeointensity results. 352 
9,24a,bycd - AD 1760: MTT palaeointensity results. 353 
9.2Sa4>,c - AD 1754: \ficrowave palaeointaisity results. 354 
9,268,b,c -AD 1760: Microwave palaeointensity results. 354 
9.27a4» - Site V32 directional results. 355 
9,28a,b - Site V34 directional r^ts. 355 
9,29a,b - Site V35 directional rœults. 356 
9.30a4) - AD 1760 lava flow directional results. 356 
9,31a,b - Site V24 directional results. 357 
9,32a,b - Site V25 directional results. 357 
9J3a,b - AD 1806 lava flow directional results. 358 
934ajbfi,d - AD 1806: MTT palaeointensity results. 359 
9,3Sa,b - Site V42 directional results. 360 
936a,b-Site V43 directional results. 361 
9JJ7a4) - Site V44 directional results. 361 
938ajb - AD 1839 lava flow directional results. 361 
9,39a,b,Cd - AD 1839: MTT palaeointensity results. 363 
9,40 - AD 1806: Miaowave palaeointensity results. 364 
9,41a,bvc - AD 1839: Microwave palaeointensity results. 364 

XV 

file:///ficrowave


Acknowledgements 

This work, as part of the European project " T O M A V E " , was carried out with the financial 

Support of the European Conununity and in collaboration with the Dipartimento di Scienze 

della Terra, Università' degli Studi di NapoU "Federico E" . I would like to thank Prof 

Alberto Incoronato for bis Constant support, encom-agement and scientific and not advises. I 

wish to acknowledge Drs. Graeme Taylor and Tony Morris which helped me to solve many 

Problems using ali the equipment and for their priceless suggestions when interpreting the 

results. I would also üke to thank ali the technicians for their continuai support, Maureen 

and Marylyn for their patience and ali the other postgraduate students that encouraged and 

"distract" me when I needed (and also \^*en I didnt!). A very gratefiil acknowledgements 

goes to Prof John Shaw who gave me the imique opportunity to use the microwave 

equipment and also Drs. Mimi Hi l l and Steve Openshaw which helped me to use it. 

Finally, but not for importance, I would like to thanks Prof Don Tarling for reading this 

manuscript, for helping me in mould my professional attitude, and for bis sincere fìiendship. 

Many peoples bave been ìnvolved, even in small amount, throughout the course of this my 

unique experìence and I would like to thank ali of them but my thesis has already reached 

400 pages! 

xvi 



Author's Declaration 

This is to certify that: 

At no time during the registration for the degree of Doctor of Philosophy has the author 

been registered for any other University award. 

This study was financed with the aid of a studentship from the European Community and 

carried out in coUaboration with the Dipartimento di Scienze della Terra, Università' degh 

Studi di Napoli "Federico U" , Italy. 

Relevant scientific seminars and conferences were regularly attended at which work was 

often presented and some papers prepared for pubUcation. 

Presentation and Conferences Attended: 

Angelino A. , Cacciapuoti S., Incoronato A. , Sauna R. & Tiano P. (1998) - Indagini di 
"Palaeo-& Rock -Magnetism" in aree vulcaniche: un esempio di applicazione all'Etna. -
XIV Convegno GNV, Catania 2-4 Marzo, Poster. 

Angelino A. , Ferrante A. , Incoronato A. , Tiano P, & Vanacore G. (1999) - Southern itaUan 
archaeomagnetic record of Mount Arso, Etna and Vesuvius lavas. - XXTV General 
Assembly EGS, SE47 Geophysics for Archaeology, 2 Dating for Archaeology. The 
Haughe, 17,23 Aprile. 

Tiano P., Incoronato A. & Tarling D. H . (2000) - Palaeomagnetic study on Vesuvius lava 
flows. - Vili Workshop on Geo-Electromagnetism, Maratea (Pz) 12-14 Ottobre. 

Tiano P., TarUng D.H. & Incoronato A . (2000) - Palaeointensity determinations on 
Vesuvius lava flow specimen. - Vili Workshop on Geo-Electromagnetism, Maratea 
(Pz) 12-14 Ottobre. 

Tiano P. & Incoronato A (2000).- Determinazione delle paleodù-ezioni e delle 
paleointensità del Campo Magnetico Terrestre al Vesuvio da indagini paleomagnetiche 
condotte su flussi lavici. -XIX Convegno GNGTS 7-9 Novembre 2000. 

Tiano P., TarUng D.H. , Incoronato A . & Taylor, G.K. (2001) - Palaeointensity and 
palaeoduection determinations of the E'sMF from palaeomagnetic study on Vesuvian 
lava flows. - EGS XXVI General Assembly, Nice, France, 25-30 March 2001, Poster 

Pasquale T i 

Date 27 Au 

xvii 



Chapter I 

INTRODUCTION AND THE EARTH'S MAGNETIC FIELD 

1.1 Introduction 

Vesuvius is one of the most famous volcanoes in the world because of its dramatic 

explosive éruption in 79 A D which entirely destroyed the Roman city of Pompeii. Equally 

important, to a wide range of scientific aspects, are the âge and nature of ail the efïusive 

events that bave occurred during the last few centuries until the 1944 A D éruption, smce 

which the volcano seems to be in a dormant state. In palaeomagnetism, lava flows are 

highly important as geomagnetic field recorders. Since observed records of geomagnetic 

directions (Gilbert, 1600) and intensity (Gauss, 1835) go back only a few hundreds years, to 

obtain information over more remote times it is necessary to look to the record that is 

contained in rocks, sédiments or artefacts. 

Generally, it is assumed that when a lava is cooling down it acquires a natural rémanent 

magnetization (NRM) with both direction and intensity reflecting the geomagnetic field that 

was présent at the time of the extrusion. It is also assumed that most of the N R M held in 

lava is of thermal origin (e.g. Thermo-Remanent Magnetization, TRM), with a relatively 

small V R M (Viscous Rémanent Magnétisation). Although thèse simple assumptions are the 

basis of the magnetic recording mechanism in lava, there are still questions as to whether 

the magnetic field measured in a lava is truly représentative of the geomagnetic field at the 

time of extrusion. Geochemical and geophysical changes can occur during and/or after a 

lava bas been emplaced and such changes could distort or mask the original T R M . One of 

the purposes of this study is to establish how well historié Vesuvian lava flows can record 

and retam both palaeodirections and palaeointensities information. 

As ail laboratory experiments, palaeomagnetic experiments on lavas try to duplicate what 

really happened in nature, and therefore are, in gênerai, based on thermal mechanisms. One 
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of the major problems is that mineralogical changes due to heating efFects can occur during 

the experiments, particularly as laboratory experiments are normally in an oxidising 

atmosphere, while the interior of a lava, when emplaced, is commonly in a reducing 

environment. Monitoring of sensitive parameters, such as susceptibiüty, and checking on 

their repeatability during and after the experiments are regularly performed to avoid or 

identify mineralogical alterations afifecting the magnetic minerals. For palaeointensity 

determination performed with the Thellier-type experiment (Section 3.4a), repeated checks 

are necessary, but they are very tìme-consuming which is also a reason for the Hmited 

palaeointensity data currently available. However, a new technique based on microwave 

mechanisms has been developed (Section 3.4b) that should avoid the risk of mineralogical 

changes and also reduce significantly the duration of experiments since the samples will be 

subjected to microwave power for no more than 10 sec. Both the Modified Thellier & 

TheUier (MTT) and the microwave techniques for palaeointensity determinations will be 

used and compared in the present work. 

Lava flows erupted at difiFerent time should record dififerent geomagnetic fields and, i f 

the age of the eruption is known, should provide information on long term changes in 

dhection and intensity of the Barth's magnetic field. Although it is known that geomagnetic 

directions and intensities can re-occur, they are unlikely to be identical at any one time. 

Therefore, correlation and discriminations between difiFerent lava flows can be made even 

when either the directions or the intensities of the geomagnetic fields are very similar. 

When a secular Variation curve has been established it can be also usefiiUy used as absolute 

dating tools. A l l this information about dififerent lava flows can converge in a better 

understanding of the frequency and nature of eruptive events. This could play an important 

role in assessing the geo-hazard of a volcanic area such around Vesuvius, considering that 

about a million of people Uve around and some actual "on" the volcano. 
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1.2 The Present geomagnetic field 

The magnetic field at every point on the Earth's surface is described (fig. 1.1) by a 

vector F, which can be divided in to a horizontal component, H,: 

H = FœsI 

and a vertical component, Z: 

Z= F sin / 

where I is the inclination which varies between +90° and -90°. The inclination is 

positive when the vector points downward (unlike Cartesian co-ordinates). 

Geĉ raphic North 

Figure 1.1. Description of the Earth's magnetic field directioa 
Declination, D, is the azimuthal angle between the horizontal component Ä of F and geographic north. 
Inchnation, I, is the vertical angle between the horizontal and F. 

The north component, defined on the x axes, and east component, defined on the y 

axes, are the geographic components of the earth magnetic field and are respectively; 

X=F codœsD 

7= F cos/sin Z) 
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where D is declination, the angle from geographic north to the horizontal component, 

ranging from 0° to 360°, positive clockwise. 

For the geocentric axial dipole model (GAD), the declination (D) will be 0° at all 

points on the Earth's surface, while the inclination (I) is related to latitude (X) by: 

tan I = 2 tan ?i. 

In 1832 Gauss applied the techniques of potential theory to a detailed analysis of the 

Earth's magnetic field. He determined the first fom- coefficients of the spherical 

harmonios of the field in which the first-order coefíícient described the geocentric 

dipolar nature of the majority of the field. The present geomagnetic field is obviously 

more complex than a G A D field, and is better described by an inclined geocentric dipole 

model where the dipole is inclined at -11.5° to the Earth's rotatíonal axis. The current 

dipole moment is some 8.75 x 10̂ ^ G cm^ (8.75 x 10^ Am^). This dipole provides the 

best-fit that can be achieved using a single dipole model, and can account for 90% of the 

observed field. At any given time, the dhection of the surfece geomagnetic field varíes 

spatially. Such variations are described by the higher order terms of the spherical 

harmonic expansions. Such local complexities in the magnetic field are referred to as 

the non-dipole field, which is calculated by removing the dipole field from the observed 

geomagnetic field. This non-dipole field change with time and its varíation can be 

substantial even over historical time periods. The field also varíes with time in both 

intensity and dú-ection. Over shorter periods of time, <10 kyr, these changes are termed 

secular variations. 

1.3 Geomagnetic Secular Varíation 

a - Directions 

Changes with periods dominantly between 1 and lO ' years constitute geomagnetic 

secular varíation. Geomagnetic observatíons duríng the last few 100 years show that 
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over sub-continental regions, the patterns of the secular variation can be very similar. 

This is certainly the case for the secular variation patterns observed in London (Pig. 1.2), 

Paris, and south of Italy. From one continent to another, however, the patterns of secular 

variation can be very different. This observation probably reflects the changes in the 

size of the non-dipole sources of geomagnetic field within the Earth's core. There is no 

long-tmn information about the time changes of this non-dipole field but during the last 

hundred years it has shown a characteristic change well known as westward drift. It is, 

however, also thought that the non-dipole field contains stationary components and it has 

been suggested that eastward drift may also occur. 

One of the main objectives of palaeomagnetìc investigations is to obtain records of 

such geomagnetic secular variation. In &ct most of the information about it during the 

last 10 ka has been provided by the palaeomagnetism of archaeological artefacts 

(archaeomagnetism), Holocene volcanic rocks, and postglacial lake sediments. 

EteKânatHjnn 

Figure U Historic records of geomagnetic field direction at Greoiwich, En^and 
Redrawn after MaUn and Bullard. 
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b - Intensities 

The magnitude of the geomagnetic dipole also changes with time (Fig. 1.3) but the 

available laboratory geomagnetic records span only the last 170 years. As for dnectional 

studies, however, records of the ancient field strength can be obtained from 

archaeological materials änd volcanic rocks. For the purpose of con^>aring such data 

from sampling sites at dififerent latitudes it is necessary i f possible to calculate the 

equivalent dipole moment for each determination. Such a dipole moment is called a 

Virtual Dipole Moment (VDM) or Virtual Axial Dipole Moment (VADM). If no 

knowledge of the magnetic inclination is available then the dipole axis is assumed to be 

the axis of rotation diuing historical times. Such studies suggest that osdllations of up to 

±50% of the mean value of the dipole moment appear to have occurred during the last 10 

ka with a possible period of roughly 10 ^ yr. 

d 2O0O; 4cm ÄHBö moö i6(m mm 

F^are U . Geomagnetic dipole moment over the past 10,000 years. 
Error bars are the 95% confidence ümits. Redrawn after Merrill and McElhinny (1983). 
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1.4 Thesis Organisation 

In chapter n the basic magnetic properties of relevant magnetic minerals are 

described, followed by á brief description of the ways in which rocks acquire their 

remanence. In chapter III all the techniques used in this thesis are describe; including 

methodology and instruments used for palaeodirections, palaeointensities, magneto-

mineralogical and grain size investigations. A brief description of the software used for 

interpreting data and of the main statistical parameters is also givea The geological 

background of the volcano, with a complete description of the eruptive history from 79 

to 1944 A D , is given in chapter IV. In chapters V , V I , V n all the palaeodirection, 

palaeointensity and magnetic properties of the lavas are analysed using the techniques 

described in chapter HI. In chapter VIII the magnetic properties are also discussed and 

intrapreted. In chapter I X all the site and sample resuks, both palaeodn-ections and 

palaeointensities, are combined and discussed at a lava flow level. Results are presented 

in terms of mean values using the statistical parameters and criteria described in chapter 

i n . A l l the mean magnetic values obtained from both thermal and microwave 

experiments are also compared with rock magnetic properties. Finally, a palaeosecular 

variation curve and a time-dependent curve are presented for palaeodirections and 

palaeointensities results. The conclusions together with some indications for further 

woik, are given in chapter X . A summary of the entire work of the present study is 

shown in fig. 1.4. 
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Chapter II 

BASIC MAGNETIC PROPERTIES 

2.1 Introduction 

In this chapta* the basic magnetic properties of relevant magnetic minerals are described, 

followed by a brief description of the ways m vAach rocks acquire their remanence. More 

detailed discussions, based on these general comments, are given when imerpreting the 

results (Chapter 8). 

2.2 The Main Magnetic Minerals 

The magnetic carriers of rocks are mainly iron and titanium oxides such as magnetite, 

titanomagnetite, haematite and maghaemite. Although these oxides make up only a few 

percent of the volume of rocks the rock magnetic properties largely depend on them. Iron 

sulphides or manganese oxides may also become important when oxides of iron and titanium 

are unusually scarce. The weak paramagnetism of silicate or hydroxide minerals containing 

Fê "̂  and Fe^* ions is generally swamped by the stronger magnetism of the less abundant iron 

oxides. 

2.2.a - Iron and TUanUun ooddes 

The most important ferrimagnetic minerals are iron (Fe) and titanium (Ti). These minerals 

are usually plotted using a ternary diagram TiO^ - FeO - Fe^Oj (Fig. 2.1). Moving from the 

left to the right the amount of fraric h-on (Fe increases compared to the ferrous one (Fe^^ 

(or non-magnetic ions), while moving from the bottom to the top the increasing amoimt of 

titanium (Ti) can be seen. 
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T Ì O 2 

Hìmmte g 

iFe3Ti04y 
Ulvo^inel M ^ 

MagnetUe 
Hematite 

Fig 2.1 Fe and Ti aàdss jdotted on tlie temary diagram TiO^ - FeO - lITFep^ 

i) Tttanomagnetòes 

The titanomagnetites are opaque, cubie minerals with compositions between end members 

magnetite (Fe304) and ulvospinel (Fe2Ti04). The crystal structure of titanomagnetites is the 

spine! structure. The spmel crystal structure produces a preferred direction of magnetization 

(= magnetocrystaUine easy direction) along the cube diagonal [111]. The resulting saturation 

magnetization of magnetite is 4.8 x 10* A/m, and the Curie temperature is 580°C. In the 

titanomagnetite series. Ti** substitutes for Fê * as Ti content increases. The generalized 

Chemical formula for titanomagnetite is Fe3-xTix04 , where x ranges from 0.0 for magnetite 

to 1.0 for ulvospmel. The ionie substitution is 2Fe3+ -^Fe2+ + TÌ4+ , indicating that a 

rranaining Fe cation must change valence from Fe3+ to Fe2+ for each TÌ4+ introduced. The 

convenient ^proximation that Fe2+ and Fe3+ are equally distributed between the sublattices 

can be used for rapidly cooled titanomagnetites. This gives a linear dependence of saturation 

magnetization upon the composition. So the addition of TÌ4+ into the magnetite structure 
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progressively decreases saturation magnetizatíon Ms. Equally important is the observed 

dependence of Curie temperature. T e , upon Ti content. Both Te and Ms are fimctions of the 

titanomagnetite compositional parameter, x. Any titanomagnetite with x > 0.8 will be 

paramagnetic at room temperature or above. 

M A G N E T I T E (FC^OA) 

Magnetite is a very common magnetìc minerai. It is found in the vast m^ority of igneous 

rocks and many metamorphic and sedimentary rocks. It has the cubie inverse spmel 

structure and is ferrimagnetic (Néel 1948). The magnetite Curie temperature of 580°C 

corresponds to a transition from ferrimagnetic ordering to disorder. At low temperatures, 

near -155°C, magnetite undergoes another magnetic transition (Verwey & Haayman 1941) 

invotving a decrease in crystallographic symmetry and an associated change in electrical 

conductivity. 

ii) Titanohaematìtes 

In most basic igneous rocks, titanohaematites and then oxidation products constitute a 

lesser portion of ferro-magnetic minerals than do titanomagnetites. Haematite can be, 

however the dominant fèrromagnetic minerai especially for highly silicic and highly oxidized 

igneous rocks. The titanohaematites are generally opaque minerals with a magnetic structure 

most easily described by using the hexagonal system. Ionie substitution in the 

titanohaematite series is exactly as in titanomagnetites, with H** substìtuting for Fe^* and one 

remaining Fe catión, changing the valence from Fe^* to Fe^*. The generalized formula is Fe2-

JlìJCh , where x ranges from 0.0 for haematite to 1.0 for ilmenite. The "Curie" 

temperature has a àmpie Hnear dq)endence on con^osition, but saturation magnetization 

can vary in a complex fòshion. 

H A E M A T I T E (oFezOs) 
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Haematite is a significant magnetic minerai in oxidised igneous rocks and sediments 

formed in oxidising conditíons. When present as fine grains haematite has a distmctìve 

blood-red colom". For pure haematite ali catìons are Fe^* and occur in layers altemating with 

layers of 0^' anions. The net magnetizatìon Ues in the basai piane nearly perpendicular to 

magnetic moments of the Fe^* layers. Haematite is referred to as a canted antiferromagnetìc 

and has a saturation magnetization of ~2x 10̂  A/m. It is also very strongly anisotropie, with 

an easy direction within its basai piane and is very difi5cult to magnetize along its c axis. 

Some naturally occurring haematite has additional magnetization refored to as defect 

ferromagnetism, probably due to lattice defects or nonmagnetìc impiuity cations. These two 

contributions to net magnetization give haematite a weak ferromagnetism with Ms of about 

2-3 X 10̂  A/m. The temperature at which exchange coupling within the haematite 

disappears, the Néel temperature, is 680°C. 

iiì) Exsolutìon 

Titanomagnetites and titanohaematites start to crystallize at - D O O X and soUd solution of 

both is complete at h i ^ temperatures. Although ali compositions are possible at high 

temperature, compositional gaps develop at lower temperatures (Fig. 2.2). Intermediate 

compositions normally exsolve into Ti-rich regions and Ti-poor regions by soüd state 

difiìision of Fe and Ti cations. Titanomagnetites unmix at fairiy low temperature (--600°C), 

henee exsolution is slow and is generally observed only in slowly cooled plutonic rocks. In 

the titanohaematite series compositional gaps develop at higher temperatures, henee 

exsolution is more rapid. 
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Exsolution is very important for altering magnetic properties such as Ms and Tc, and for 

increasmg or decreasing efifective grain size. In fàct by exsolution, a large homogeneous 

grain can be transformed into a composite grain of much smaller Ti-poor (Fe-rich) regions 

and complementary Ti-rich (Fe-poor) regions. 

iv) Loiv-tempemture axidaäon 

Weathering of titanomagnetites at ambient sur&ce temperatures, or hydrothermal 

alteration at T < 200°C, can cause the production of cation deficient spinels. Maghemite 

(yFe203 ) is the classic example of oxidation of magnetite. Its Saturation magnetization is 4.2 

X lO ' A/m and it is usually physically metastable and irreversibly changes to a h&cagonal 

crystal structure {àB&iCh) on heating to 300°-500°C. Similar low-temperature oxidation of 

titanomagnetites produces cation-deficient titanomaghemites. 

2.Zb- Ir<m su^hides 

PYRRHOTITE (FeS) 
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The most magnetic of u-on sulphides, the next most important magnetic mineral after the 

iron oxides, is pyrrhotite. It is ferrimagnetic with a monoclinic structure. The majority of 

natural pyrrhotites have compositions within the range FerSg to Fe^Sio. The former has a 

Curie temperature of 320°C while the latter has a shghtly lower Curie temperature of290°C. 

Addition of impurities, such as nickel, into the pyrrhotite lattice causes the Curie temperature 

to be fiirther lowered. In absrace of stronger magnetic minerals, pyrriiotite can carry a 

useftil palaeomagnetic record of the ancient geomagnetic field in some igneous rocks and 

sediments. It also has a high susceptibihty (Clark, 1984). 

2.2.C - Iron hydroxides 

GOETHTFE (oFeOOH) 

Goethite has an orthorfiombic structure. It is a very common mineral, particularly as a 

weathering product. Although most goethites are antiferromagnetic, because of 

uncompensated spins produced by oxygen ion vacancies, some are weakly magnetic, with a 

Ned temperature of 120°C. They can acquire a thermoremanent magnetisation of low 

intensity but very high coercivity on cooUng through its Neel temperature. It is chemically 

unstable and is generally destioyed at about 120°C. 

2.3 - Magnetic domains and hysteresis loop 

Many of the simple magnetic properties can be described and better understood in terms 

of hysteresis loops (Fig. 2.3). These describe the field dependence of magnetization plotting 

the magnetization M on the vertical axis against magnetic field H on the horizontal axis. 

Saturation magnetization, Ms, is the magnetization induced in the presence of a large (> 1 T) 

magnetic field. The saturation remanent magnetization, MRS is the remaining magnetization 

when the field is removed. By the appUcation of a field, in the opposite direction to that first 
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used, the induced magnetization can be reduced to zero. The reverse field which makes the 

magnetization zero is called the coercivity -He. If this reverse field is reduced to zero at this 

stage, then there would still be a positive magnetization. 

i 

H: Magnetic field 

Fig.2.3 : Magnetic hysteresis loop. 
Ms = saturatíon masnetízatíon: Mrs = satuiatíon remanence: He = coercivitv forcé 

This happen because the zero magnetization at -He consists of two components which 

cancel; an m-field negative magnetization and a remanent positive magnetization In order to 

eñectively reduce the remanent magnetization to zero, after the subsequent withdrawai of 

the -He, the hysteresis loop must reach a larger reverse field. This reverse field is called the 

coercivity of remanence, -HCR . The gradient of the mitial magnetization curve (low field 

reversible changes) is the mitial susceptibiüty, K . A complete hysteresis loop is obtained by 

cycling the magnetic field from an extreme appUed field in one direction to an extreme in the 

opposite direction and back again. 

2.3 a - Donuáns and domain waüs 
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The hystérésis properties of ferromagnets are largeiy related to the arrangements of 

magnetic domains. The material can be spht up into many régions, called domains, (Weiss, 

1907), each spontaneously magnetized in one direction. Thèse domains can be magnetized 

in différent directions so that the sum of each domain magnetization can be zéro. The 

magnetic domains are separated by zones of finite thickness known as domain or Bloch walls 

(Bloch, 1930). The formation of magnetic domains produces a state of low total energy, 

estabhshing a balance between varions competing énergies. 

2.3b - Single-domain (SD) behaviour 

The shape of the loop of an individual single-domain grain dépends on the orientation of 

the grain with respect to the appUed field. A single-domain grain with its easy magnetization 

direction (long axis) parallel to the appUed field will gjve a rectangular shape. In this case 

the magnetization simply flips through 180° when applying a coercive force. When the easy 

magnetization dh-ection is perpendicular to the appUed field the hystérésis loop bas three 

Unear segments that pass trough zéro. On appUcation of a field the magnetization tums 

towards the field direction, but it retums to its origmal 'easy* axis direction perpendicular to 

the field direction on removal of the field. Obviously things in nature are not so schematic. 

Most natural samples contain assemblages of single-domain grains that bave random 

orientations of their easy axes. The net hystérésis loop henee, wiU resuit from the answer of 

such random assemblages. 

2.3c - Multi-domain (MD) behaviour 

The main eflfect of the appUcation of an extemal field to a large multidomain grain is the 

movement of domain walls that will produce the growth of domains with a magnetization 

component m the duection of the appUed field. On removal of the extemal field the 

boundary waUs may be blocked as they retum towards their initial locations at local minimum 

energy. In this way a multidomain grain can retain a rémanent magnetization. When thèse 
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domain wall movements are irreversible, a sufficiently strong field is needed to jumps out of 

the local "traps". This phenomenon is known as Barkhausen jumps. A multidomain grain is 

completely saturated when all the domain magnetizations are aligned in the appUed field 

direction. The magnetic remanence of multi-domain grain assemblages is much lower and 

less stable than that of single-domain grain assemblages. 

2.3d -Pseudo-single-domain (PSD) behaviour 

The grains that behave m this way play an important role in understanding magnetization 

of rocks containing magnetite or titanomagnetite. These grains cover an interval between 

large SD grains and small multi-domains grains and show intermediate Mr/Ms and 

mtermediate He. The PSD grain-size interval for magnetite is approximately 1-10 |am. 

Grains in this size range contain a small number of domains and can have substantial 

magnetic moment. They can also exhibit significant coercivity and tune stabiUty of remanent 

magnetism. 

2.3e-Magnetic relaxation 

It describes how the remanent magnetization of an assemblage of SD grains decays with 

time. It is defined by 

M/t)=M„exp(-t/T) 

where M „ is the initial remanent magnetization; /, the time and r the characteristic 

relaxation time. The latter is defined by 

'vh^^ 1 ' 
r = - e x p 1̂  2kT 

or more simply 

logrocy 
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where v is the volume of the grain and T the absolute temperature. Therefore, single 

domain particles, on cooling, show a logarithmic increase in its relaxation time as it cools 

from a temperature at or below its Curie temperature. The relationship between 

temperature, volume and relaxation time for the case of a magnetic remanence acquired by 

cooUng in a magnetic field over temperature ranges below the Curie pomt (thermoremanent 

magnetìzatìon) is clearly described by the graph in fig. 2.4. The temperature at which the 

remanence, acquired during coohng in a magnetic field, becomes blocked within it for the 

duration of the experiment, is called blocking temperature, Tb (or unblocking temperature, 

Tub when, hearing up, the remanence is lost). The Tb of any individuai domain depends, 

hence, on its size and composition and also on the strengths and duration of the magnetic 

field. 

600 ' 

Groin dtometer ( A ) 

Fig.2.4 General behaviour of a single domain grain of titanomagnetìte in relation with 
temperature, volume and relaxation time. 
Note that the Tb of a larger SD grain (900 A) is much higher than a smaller one (700 A) 
(dashed line). Redrawn after Tarling, 1983 
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2.4 - Acquisition of Magnetization 

The magnetization acquired at the time of rock formation should be ideally the same, in 

terms of directions, as the prevailing geomagnetic field acting at that time. Its intensity is 

also directly proportional to the strength of the field. Such magnetization is the primary 

component of magnetization and in igneous rocks, is generally a thermal remanent 

magnetization (TRM). The magnetic minerals acquire this magnetization when they cool 

below their characteristic Curie temperatures. In sedimentary rocks the main process of 

acquisition is the detrital remanent magnetization (DBKd) and it can be depositional or post-

depositional. In the last case it is the result of the ahgning force of the magnetic field on a 

magnetic grain at the sediment-water interface. Another type of remanence acquisition, 

most common in sediments, is the chemical remanent magnetization (CRM). 

In some case a magnetization may not have been acquired at the time of rock formation. 

In fact, it is very common that a rock contains secondary components of magnetization. 

These are acquued by partial remagnetization after formation of the rock due to heating, 

Ughtning strikes, fluid or chemical alteration, or by influence of the geomagnetic field in a 

different dnection to that of the primary magnetization. For this reason most rocks are 

referred to as multi-components. Whereby, they cany a primary component and a mix of 

secondary components. The resulting total magnetization is called natural remanent 

magnetization (NEM). The identification of all the components constituting the N R M is not 

always possible and in many cases the primary magnetization cannot be recovered. 

Furthermore, the common characteristic magnetic direction recovered from the majority of 

samples in a rock, the characteristic remanent magnetization (ChRM), may not necessarily 

represent the primary magnetization because it is possible that a rock will be completely 

remagnetized with no trace of its original primary magnetization remaining. 
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2.5 - Thermal remanent magnetization (TRM) 

T R M is the forai of remanent magnetism acquired by most igneous rocks. As described 

in section 2.2e, magnetic moments of ferromagnetic grains will be stable to time decay at or 

below the respective blocking temperatures. As temperature decreases through Tb of an 

individual SD grain, that grain has a dramatic increase in relaxation time, t, and changes 

behaviour from superparamagnetic to stable single domam. The total T R M can be broken 

into portions acquired within wmdows of blocking temperatures from Tc = 580°C down to 

20°C. These portions of T R M , referred to as "partial T R M , " (pTRM), are related to the 

T R M by the law of additivity of pTRM; 

TRM ^jj'RMCTbn) 
n 

The law describes that individual pTRMs depend only on the magnetic field during 

cooUng through their respective Tb int«vals. This is fimdamental for the appUcation of the 

thermal demagnetization technique. In fact it is based on the ability to remove components 

of magnetization held by grains with low Tb while leaving the higher Tb grains unafiected. 

It is important to remember that the model of T R M acquisition considers only single-

domain grains and, imfortunately, only a small percentage of grains in a typical igneous rock 

are truly SD. Most grains are PSD or M D . It has been noticed that eflBciency of T R M 

acquisition drops off" dramatically in the PSD grain-size range from 1 pm to about 10 pm 

while it seems that for grains of d>10 pm, the acquisition of T R M is inefiBdent. However, 

PSD grains do acquire T R M that can be stable against time decay and against 

demagnetization by later magnetic fields, SD and PSD grains are the effective carriers of 

T R M , while larg«- M D grains are likely to carry a component of magnetization acquired 

long after original cooUng. However, it has been observed that rapidly cooled volcanic 

rocks gen^aUy have grain-size distributions peaking at d<10 pm, with a major portion of 
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the distribution within SD and PSD ranges. Thus, volcanic rocks are commonly observed to 

possess fòìrìy strong and stable T R M and minimal secondaiy components of magnetization 

carried by M D grains. 

2.5 - Thermal demagnetization 

A spedmen can be demagnetized by hearing to progressively higher temperatures and 

coolmg in zero magnetic field between measuremrait steps. AH grains with unblocking 

tenq>eratures bdow the maxkmun appUed temperature at each demagnetization step will 

bave their contributìon to the spedmen N R M removed. This technique of demagnetization, 

usually referred to as progressive thermal demagnetization (PTD), is the main one used for 

the present work and its modality will be more fiilly described m the section 3.3. 
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Chapter III 

INSTRUMENTS, TECHNIQUES AND STATISTICS 

3.1 Introduction 

In thìs chapter, ali the technìques nsed in this thesis are described; methodology and 

instruments used for palaeodirection and palaeointensity detennination and for magneto-

mineralogical and grain size investigations. It is also given a brief description of the 

software used for intopretìng data and of the main statistic parameters used. Most 

e7q)eriments were carried out at the Laboratory of Palaeomagnetìsm of the Plymouth 

University. In addition some oth^ equipment was used at the Laboratorio di 

Palaeomagnetismo e Magnetismo delle Rocce of the Univeràty of Naples 'Tederico H " 

and at the Laboratory of Geomagnetism of the Liverpool University. In ali laboratories, 

the remanences were measured with a Molspin Minispm with «mUar noise-levels of about 

0.03mA/m, with the exception of the microwave palaeointensities (section 3.4b). 

3.2 Thermal and magnetic calibration expeiiment 

The M M T D l is a sophisticated programmable thermal dmagnetiser that can beat and 

cool palaeomagnetic sanóles fiiUy automatically. To apply correctly the PTD (section 

3.3a) and the TheUier's method (section 3.4a), a long and meticulous thermal calibration 

to check the temperature inside the oven has been required to estabUsh the internai 

properties of the equipment. Nine pilot samples were used and were subjected to heating 

and cooUng cycles from room temperature up to 500° C, on steps of 50 and from 500° C 

up to 700°C on steps of 20. To determme the correct temperature for each position 

inside the oven and for every step of measurements, high-temperature thermo-couples in 

sihcon oil, were put inside boles drilled into each specimen and connected to voltmeters 

outside the oven. The output vahies, in mV, were converted to °C using a conversión 

table obtained from experimental valúes (Fig. 3.1). The 9 specimens were placed m the 
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oven ahvays in the same place with a thermocouple in alternate spécimens, starting at 

specimen 1. Once the oven had reached its set temperature, the voltages indicated by the 

vohmeters were recorded every 2 minutes until it stabilised (Fig. 3.2). 
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y = 0.0403X - 0.6283 
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Fig. 3.1 Ê qieiimental linear relation between the potential diSference (dĉ ) and die ten̂ ierature. 
At higber températures valu» were extrapolated using the same gradient 
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Fïg. 3.2 Exanq>le of recorded data while the oven set temperature was kept for 20 minutes. 

The resuit of this experiment was that, up to 2 5 0 X , the spécimens reach«i slowly the 

temperature set for the oven (Fig.3.3a) but at the end of the process, the heating chamber 

feiled to reach the set temperature by some S-S^C especially for the more extemal 
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specimens. The results obtained between 300 and 500°C were completely different. In 

fact in tìris range the spedmens nearest the door opening (1,3) gave always the lower 

values while those in the middle (5,7) gave values higher then the set temperature. The 

far spedmen (9) gave the dosest value to the set temperature. In general, the heating 

chamber &iled to reach or overstepped the set ten^erature by ~10°C (Fig.3.3b). Over 

500°C, ali the spedmens gave a higher vahie of about 25°C (Fig.3.3c) and the middle 

position (5) seemed to be the closest to the set value. While these results indicate that the 

heating chamber may be fóiling to uniformly reach the set temperature, the problem of 

beat affecting the resistance of the wires connecting the thermocouple to the voltmeter is 

unquantified as also how well the wires were connected to the specimens. In addition, 

each specimen had a diflFerent mineralogy and magnetic properties and therefore they 

could be heated to the same tonperature yet give different results. This experiment 

suggested that some consideration must be made when interpreting specimen 

magnetization/demagnetization temperatures. The strength of the field that could be 

apphed during cooling was also tested. Two terminals, on the front panel of M M T D l , 

were connected to a long close-wound solenoid. Passing a Constant current through the 

solenoid via the terminals CTeates a uniform Constant magnetic field inàde the oven. The 

calibration fector for the oven, 0.44 pT/mA, was tested along with the uniformity of a 

50pT field inside the oven at room temperature. 
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Flg. 3.3 BehaviouT at different tenqjeiature lange at the interaal, middle and external positìon. 
a) 100-250°C; b) 30O-5O0°C; c) 520-700° 

3.3 Palaeodirectìons 

a - Progresàve Thennal Demagnetization (PTD) 

The procedure for PTD involves cycles of heating specimens, up to a certain 

temperature (Tdemag), and cooling down to room temperature in zero magnetic field. This 

causes ali grains whh blockmg temperature (Tb) < Tdem^ to acqmre a random 

"thermoremanent magnetization" in F = 0, thereby eraang the N R M canied by these 

grains. In other words, for each step of temperature, the magnetization of ali grains fot 

which(TB)< Tdemag is randomized. 
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The PTD were carried out using a Schönstedt thermal demagnetizer (which is not 

automatic as was the M T T D l ) but allows work to be done with two set of specimens at 

the same time. For this experiment, sets of 6 specimens were used and subjected to a 

complete demagnetization starting from 100°C. Steps of 50° were used up to 300°, then 

30° until 500° and finally 15° until the N R M was considered negUgible. Deahng with 

Vesuvian lava flows specimens (commonly characterized by titano-magnetite carrier), 

smaller steps at higher temperature were chosen to get more detailed mformatìon when 

approaching the Curie temperature of the constituent ferromagnetìc minerals. 

3.4 Palàeointesities 

The originai TheUier (1937,38) method of palaeointensity esthnation depended on 

comparison of thermal demagnetization characteristìcs of the naturai remanence and a 

laboratory-imposed T R M . If the N R M was of thermoremanent origin, the N R M and 

T R M demagnetization curves should be the same shape, scaled in proportion to the 

geomagnetic field in which they were acquùed. Acceptance of results was reüant on 

internal consistency because the method allowed no checks on alteration during heating. 

This is a major uncertainty in this type of method and the originai method was therefore 

superseded by an incrementai method of demagnetizing N R M and hnposing partial TRMs 

(pTRMs) at increasing temperatures (TheUier and TheUier, 1959). This aUowed the 

determination of palaeointensity from low temperature measurements before the onset of 

alteration. The ratio of N R M lost to p T R M gained is then the estimated relative strength 

of the ancient and laboratory fields. Once magnetic alteration began, the experiment was 

abandoned. TheUier and TheUier (1959) and subsequentìy, others (Briden, 1966; Coe, 

1967) developed repeat measurements at lower temperatures (pTRM checks) to identify 

the onset of alteration. These ftirther developments of TheUier and ThelUer (1959) 
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method are commonly referred in the literature as the modified Thellier- TheUier methods 

(MTT). 

Limitatiom imposed hy multìdomain grains 

An important aspect to conader for paleointensity studies is hnked to the behaviour of 

multidomam grains. These are very common in most lavas and may have important 

consequences. Multìdomain grains do not necessarily obey the ejq)erimental law of 

additìvity of partìal TRMs such as acquired in non-overlapping temperature intervals by 

SD grains. A direct consequence is the common existence of two diflferent slopes (or a 

concave shape) in the N R M - T R M plots between low and high temperatures. Such 

behaviour is commonly ascribed to the diflfCTence between the blocking (Tb) and the 

unblocking (Tub) temperatures of M D grains. 

In theory the presence of multìdomain grams should be detected by examining the 

thermal demagnetisatìon of the N R M . If a T R M is given first by heating to temperature. 

Ti , the magnetizatìon will not be removed completdy by aibsequent re-heating at the 

same temperature i f it is carried by M D grains. A direct consequence is that the N R M 

derìved from these two successive heatìngs will be afiTected and biased towards the 

directìon of the appUed field. 

a - The Modified Thellier & Thellier (MTT) 

Taking in accoimt the Umitatìons discussed above, the follow experimental procedure 

has been apphed: 

1. Thermal demagnetisatìon to temperature Tj {DEMAG1). 

2. Re-magnetìsatìon fixjm Tj to room temperature in a 50 pT field to add a p T R M 

(pTRM). 
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3. A second thermal de-magnetisation again at Tj, to check for M D remanence or 

C R M remanence growth, comparing the N R M intensity and direction with those obtained 

after D E M A G l (DEMAG 2). 

4. P T R M check by répétition of opération (2) at the previous temperature step Tj-1 to 

check fi>r altération with blocking temperature (Tb) below Tj-1. (pTRMck). 

To allow a fiuther check on the N R M beha\âour, the temperature steps used were the 

same as in PTD with the only difièrence that P E M A G 2 and pTRMck started at 150°C 

insteadof 100°C. 

b - The Microwave method 

Using microwaves instead of the conventional thermal démagnétisation, the first steps 

of heating are bypassed. Magnons, which are spin waves created by the exchange of 

energy between phonons (lattice vibrations) and the surrounding system (Wallon et al. 

1992,1993) are directly excited with the use of high-frequency microwaves. TMs should, 

in theory, eliminate the need to beat the bulk sample. However, some heating d œ s occur 

due to the generation of phonons. Since the altération is both time and temperature 

dépendent (Tanguy 1975; Wafton 1988), the altération obtained during the micfOAA v̂e 

iqjphcation can be consida^d negUgible, taking in to account that each microwave 

appUcation is only fi>r 10 sec. 

A n automated 8.2 GHz fi^uency microwave soiu-ce and SQUID magnetometer 

system (Fig. 3.4) bas been developed at the Geomagnetism Laboratoty of Liverpool 

University. This microwave system can be used to carry out a TheUier type experiment, 

although the physical processes involved are very différent. The microwave power is 

applied in incrémental steps (up to a maximum of around 200 W) for no more then 10 sec 

on samples sized 5mm by 3 mm. A forward power meter controls the amount of power 

28 



l'iicunialic 
control 

Klystron 

T W T 
Amplifier 

8 G H z 
Signal 
gen era ter 

Wavegiiicle 

Pneumatic 
Sample 
Movement 

7 < 

Sample 

Microwave 
cavily 

SQUID 
Magnelometer 

Measure 
Position 

" Mu-melal 
silicici 

Computer 



to be used. It is also necessary to measure and minimise the amount of power reflected 

back. The power is inputtai using an increasing percentage of the máximum power 

available within the selected range. It is important to underline that there is no set power 

range to be used. Each sample is diflferent and the efíectivity of the method also strongly 

depends on its size and position of the sample within the microwave cavity. In general it 

is best to start with low powers and to perform some very small demagnetizing steps to 

get a stable N R M . Once tbis state has been estabUshed, microwaves can then be applied 

perpendicular (in the xy plane)to the stable N R M direction. The resulting vector intensity 

should not change drastically while the directions should show a gradually change. In 

particular the declination should change to 90° greater than its original valué wbile the 

incünation should reduce to zero. Monitoring the evolution of the decHnation is therefore 

required to establish that equal demagnetisation stq)s had been applied throughout the 

e}q)eriment. 

3.5 Magneto-mineralogical inv^tigatíons 

Magnetic mineralogy was investigated both observing the behaviour of specimens 

during demagnetization, which also involved monitoring of the bulk susceptibihty, and by 

conducting rock magnetic ejq)eriments, in particular IRMs. 

a - Bulk Suscqitibiüty (E) 

Low field susceptibility is a measure of how easy a material can be magnetised. Any 

change in susceptibihty imphes a change in magnetic properties. On tbis basis 

measurement of K during experiments were regulaily carried out as a first order monitor 

of changes in mineralogy and to check the beginning of alterations in the magnetic 

mineralogy. For the present woilc, K was measured at the end of each step of the PTD 

and M T T experiments, and also during all the experiments to examine magneto-
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mineralogicai and grain-size information. The equipment used was the Agico 

K^pabridge K L Y 3 . 

b - 3 axes IRM (Lamie expaiment) 

The analysis of the acquisition of isothermal remanent magnetisation (IRM) is a useful 

but ambiguous diagnostic technique when used on its own. For more conclusive 

interpretations, I R M acquisition can be combined with subsequent thermal 

demagnetisation of the I R M (Lowrie, 1990). In this method, différait coercivity fractions 

of I R M were re-magnetized in aiccessively smaller fields along three orthogonal 

directions. In these studies, 800mT was applied along the x-axis, referred to as "hard', 

300mT along y-axis, "medium" and 50mT along z-axis, "soft". A larger field is desirable 

for this technique (ideally >2 T), but 800 mT is the maximimi field that can be apphed in 

the Plymouth laboratory and is considered adajuate for samples in which haematite is not 

a major component. The remaining mtensities of each orthogonal component, after 

successive thermal demagnetizations, were then plotted separately. Low-field 

susceptibihty was also measure for every step of temperature. 

The aim of a three-component I R M is to determine the dominant coercivity fiaction by 

comparing the hard, medium and soft, and also assess what is the predominant magnetic 

carrier. For example, an intermediate value of 300 mT can be used to discriminate 

between magnetite and pyrrhotite; pyrrhotite has a maxinmm coercivity of 500-1000 mT, 

and is therefore less Kkely to saturate in a 300 mT field. The 50 mT field was the last 

applied and can be used to identify, for example, low coercivity multi-domain magnetite. 

3.6 Grain size investigations 

a - Coeràvity of remanence (Her) 

In this ejqieriment, an unmagnetized ^)ecimen was firstly subjected to a stepwise I R M 

along its z-axes, which magnetized it in progressive fields up to 800 mT. On removal of 
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the specimen from each apphed field, its remaining remanence was measured. Then the 

specimen was placed in reversed fields. (In practise, the I R M was apphed along the 

negative z-axes) Increaàng field strengths were then appHed, with the new remanence 

measured after eadi increment. The reverse field, H c r , required to reduce the saturation 

to zero remanence was fi^und from inspection of the 'coercivity' curve. This whole 

process of assessing hysteresis properties through remanence measurements was 

performed quite quickly as each magnetization step took only a auction of a second and 

each remanence measurement occupies less than a minute. 

b - AnhysterOic SusceptibUity (KAmà^avus bulk Suscqrtibility 

The KAKM / K ratio has been used as parameter to discriminate between SD, PSD and 

M D (King, et al., 1982). The susceptibihty was firstiy measured, then the specimen was 

demagnetized up to 100 mT (in alternating field, AF) to remove any secondary 

remanence. In order to apply an anhysteretic magnetization to the specimen, the AMU-1 

Anhysteretic Magnetise (which is an option to the LDA-3 AF Demagnetizer) was used. 

This equipment produces a weak direct magnetic field (SOpT), which is superimposed on 

a relatively stiong altanating magnetic field (90mT). Both fields are coaxial and affect 

the specimen simultaneously. 

c-AmstOropy 

In some rocks, the direction of magnetization can deviate from that of the magnetizing 

field. Such rocks are magnetically anisotropic, i.e. their magnetic properties vary with the 

directioiL There are two kinds of magnetic anisotiopy: 

1. anisotiopy of magnetic susceptibihty (AMS), in which suscq)tibihty is a ftmction of 

direction of the appHed field; and 

2. anisotiopy of rananent magnetization, m vMch acquired vemmetA magnetization 

deviates from the direction of the magnetic field at the time of remanence acquisition. 

32 



In the case of magnetite-bearing rocks, A M S seems to be dominated by multidomain 

grains while single-domain and pseudo-single-domain grains are the main paleomagnetic 

recorders. Hence A M S might not be closely related to anisotropy of remanent 

magnetiaation (Stephenson et al., 1986). 

As significant anisotropy of remanait magnetization in Vesuvian lavas flows specimens 

has been considered negUgjble, no anisotropy ejq)eriments were carried out. However, 

this seemed a very important poiirt that will certainly need fiuther investigations. 

3.7 Data interpretation and statistics 

a - Linear analyses and Fisher's statistics 

The palaeomagnetic remanence directions were analysed using the integrated software 

packages of Randy Enkin. These packages allow visual presentation and analyas of 

resuks as Zijderveld diagrams (Zijderveld, 1967), stereonets and intensity plots. 

Directions were selected by considering all plots in field corrected co-ordinates. The 

best-fit directions were calculated using principal componait analysis (Kirschvink, 1980). 

The accq)tance criteria for these components are that they are defined by an absolute 

mininmm of three consecutive points. A l l the possible components for each sample were 

reported and classified on the base of their Maximum Angular Deviation (MAD). In 

particular, components that showed M A D less then 2 were referred to as well defined, 

while components with values between 2 and 5 and greater than 5 were respectively 

referred to as less and poorly defined. In order to define the site mean direction all the 

components identified within each sample were considered only after their repeatabihty 

had been checked withm the site. At least three similar components were required. 

Conqjonents were considered similar i f their relative decUnation and inclination did not 

differ by more then 4/5°. To define the lava flow mean direction, the choice of the site 
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mean directìons was based on their similarity (as for the site mean vaiue) and/or better 

statistical parameters. Two Fisherian statistica! parameters were calculated for each mean 

direction (Fisher, 1953). These were the estimate, k, of the true preciàon parameter, K. 

This is a measure of the concentration of the individua! data poims around the mean 

direction and is given by 

le = (N-1)/(N-R) 

where N is the number of individua! imit vectors and R is the length of the resultant 

vector. The value of le ranges from 0 wliere the points are distributed imiformly over the 

sphere and approaches ao as the dù-ections concentrate to à point. The second statistical 

paramelo- is the confidence hmit on the mean direction. This is the semi-angle of the 

cone of confidence surrounding the calculated mean direction. TMs confidence Umit is 

conventionally for a probabihty leve! of 95% (P = 0.95) and is referred to as 095. This is 

given by 

cos<'̂ = N-R/R{(l/P)*^*-1} 

where N is the numba- of individua! unit vectors and R is the length of the resultant 

vector. This statistical parameter suggests that there is a 95% probabihty (20:1) that the 

true mean direction will Ue within the cone of confidence calculated aroimd the calculated 

mean direction. The 095 value, on equa! angle stereographic projection, is represented by 

the radius of a circle of confidence. On piate carrée graphs (decUnation, incUnation) the 

error in declinatìon and incUnation (6Dec, 6Inc) can be calculated by: 

cosine 

Snc = ct95 

b - Palaeointensity analyses 
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A T R M formed by cooling in the geomagnetic field (TRMpaieo) theoretically depóids 

hneady on the strength (Fpaieo) of the magnetic field through a proportionally Constant (A), 

which includes grain-size and shape distrìbution, blocking temperature and ferromagnetic 

properties of the material. This Constant, A , should be determined by gjving to the same 

specimen a new T R M (TRMub) in a known field, F i ^ . If the T R M ^ ìs an uncomphcated, 

single-con^nent T R M , the palaeointensity can be obtained by 

(WMpaleoX 
Fpàlaeo-

or more simply 

TRMÌab J 
Flab 

Fpalaeo - (b) Futb 

where (b) is the slope obtained by the common N R M - T R M plot. 

As the number of samples measured for each site was small (1 for M T T experiment 

and 2 for microwaves), mean vahies were only determined at lava flow level. In order to 

define the lava flow mean intensity, the choice of the best rq>resentative vaine for a site 

was based on the consistency of sample values, at least three sunilar per site, and on 

improved statistical parameters. In general the parameter q (see next section) was used 

as a first orda- discrinrinator of the quahty of the palaeointensity determinations, \M& g 

and ab were used as second order discrìminators. 

Coe Statìstics 

What follows is a brief description of Coe's parameters (Coe, 1978) and their means. 

The standard crror of the slope is calculated by. 

'2^(y, -yf - 2 6 L ( x , -x)0;,.-y)''"' 

iN-2)I.ix,-xr 

where N is the nmnber of points being used (at least 4). This standard error, divided 

by the slope, is a usefijl measure of uncertainty and is often quoted with results. 
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The f (fractìon) value is simply the fraction of total N R M used m calculating the 

palaeointensity. It is calculated using the equation below: 

f=AyT/NRMtot 

where: 

Ayi = N R M ^ - N R M ^ 

To look at a decent amount of total N R M , for this study f will be considered 

acceptable when greater than 0.15 

The g (gap) value is a measure of the uniformity, along the N R M axis, of the spacing 

(Ay) between each point perpendicular projection onto the best fit straight line. This is 

calculated using the following equation. 

g=l-Ay/Áyj. 

where: 

Ay^{\/Ay,)i:^'Ay,' 

The value of g increases with uniformity of spacmg; it is 1 for perfectly even ^adng of 

points along the N R M axis. 

The q value is the index of quality of a palaeointensity determination. It is calculated 

using the equatioa' 

q = | b | f g / a b 

It is usually a matter of course for q valúes to be quoted alongside any palaeointensity 

determination. The reciprocai of q is a measvue of the relative uncertainty of a 

palaeointensity measurement. Multiplying this by Hpai is it possible to determine an 

absolute uncertainty, but assuming that no other remanence or magnetic alta-ations bave 

parameters that are hnear fimctions of temperature. 
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Chapter IV 

Geological Background 

4.1 - General Introduction 

During the Quaternary central and southern Italy were characterized by the strong 

development of the potash-rich volcanoes that form the so-called Roman Comagmatic Province 

(Washington, 1906). This volcanic activity started about 2.0 M a ago and has lasted until the 

present day with the historical miptions of Vesu\dus, Phlegrean Fields and Ischia. The 

volcanism extends for more than 350 km along the Tyrrhenian coast from northern Latium (the 

Vulsini area) to Vesuvius; only one isolated alkahc Quataiiary volcano (Vulture) is located on 

the Adriatic side of the ItaUan peninsula, east of the Apennine main axis (Fig. 4.1). 

The Roman Province includes several eruptive centres, which generally present complex 

evolutionary histories. Large coitral volcanoes, mostiy with summit calderas, occur as weU as 

monogenic vents and regional calderas. The great variety of apparata reflects the nature of the 

products, r a n ^ g from extiemely viscous lava domes to flood basahs and from ignimbrites to 

phreatic breccias. 

The tectonic significance of this volcanism has been alternately interpreted in terms of either a 

^oshonitic member of an orogenic association related to converging plates (Ninkovich et al, 

1972; D i Girolamo, 1978) or as the alkahne products of the initial stages of continental rifting 

(Cundari, 1979: Cimdari et al, 1970). In practice the Quaternary potassic volcanoes of central 

and southern Italy are related to extensive vertical faulting displaying two main trends, 

respectivdy parallel (NW-SE) and perpendicular (NE-SW) to the main axis of the Apennines. 

Such a tectonic arrangement seems to be connected with the opening, since Miocene times, of 

the Tyrrhenian Sea abyssal plain, following the anticlockwise rotation of the Itahan peninsula 
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Rg. 4.1 The Roman Comagmatic Province. 
1 = Recent alluvium; 2 = Quatemary potassio volcanoes; 3 = Tertiary and Mesozoic sedimentary 
formations. Redrawn after Marinelli (1979) 
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(Scandone, 1978). Within such a picture the Quatemary volcanoes are located over a 

variably thinned continental crust at the intersection of NW-SE perpendicular faults (responsible 

for the thinning) and NE-SW transverse related to the torsion of the Apennine range during the 

rotation. 

4J, - Geológica! setting of the Campanian Volcanic Area. 

A schematic représentation of the main stratigraphie and structural units of the Campanian 

région (Fig. 4.2) shows that the Campanian Apennines consist of a pile of nappes emplaced 

during the Nfiocene, with the more extemal ones overthrust towards the east (D'Argenio et al, 

1973; Pescatore et al, 1973). The région is afiected by intensive vertical tectonics of PUo-

Quatemary age related to coiyugate, respectively Apenninic and anti-Apenninic fracture Systems 

which generally obUterate the older (Miocène) tectonic Uneaments. Récent tectonics are related 

to the gena^al upUfr of the central part of the Apennine range and to the sinking of its western 

side. The Quatemary potassic volcanism of Campania occurred on a plain corresponding 

structurally to a basin, bordered on the N E by NW-SE Apenninic fàults, on the south and on the 

north by horsts Umited by NE-SW anti-Apenninic &ults (Monti Lattari, Capri island and Monte 

Massico). 

Some inçortant feuhs revealed by sdanic surveys (Fmetti et al, 1974) m the Gulf of Naples 

extend up to the mainland (Fig. 4.2). The faults crossing Vesuvius are probably located at the 

intersection of conjúgate NW-SE and NE-SW fàults. Other important tectonic lines eut the 

westem and the northem side of the Gulf of Pozzuoh. 
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Flg. 4.2 Geological sketch map of the Campanian volcanic area. 
PLIO-PLEISTOCENE STRUCTURES: A= normal feults; B= reverse feults; C= axes of synclines; D= axes of 
anticlines; E= subsur&ce boimdary of na^^ within the Bradanic fore deep. 
MIOCENE STRUCTURES: A= normal feults; B= reverse feults; C= Tortònian overthnists; D= T.anghian 
overthrusts. Units: l=Süentina and Frido; 2=Sicilide; 3= Monte Foraporta, Monte della Maddalena, Albumo-
Cervatì and Monte Bul̂ eria-Veibicaro; 4a Upper Lagonegro; 4b Lower Lagonegro; 5= Irpinia; 60 Frosolone, 
Mátese, Monte Maggiore and Monte Croce; 7= Altavilla; Apulo-Gargano; 9= Quaíemaiy Sediments; 10= 
serpentine, gaWjro and diabase; 11= granitic gneiss.After Ippolito et aL, (1973) 
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4.3 - Stratigraphie outline of the potassic Quateniary volcanism of Campania. 

Five volcanic complexes erupted potassic products during the Quaternary in the Campanian 

area: Ventot«ie-S. Stefano (Pontine islands), Roccamonfina, the Ischia and Prodda islands, the 

Phlegrean Fidds and Somma-Vœuvius. According to the available radiometric ages, the activity 

started between 1.5 and 1.0 M a ago at Roccamonfina (Giaimetti et al, 1979) and the Pontine 

islands barberi et al, 1967; Capaldi et al, 1985). However, no radiometrie data are available on 

the beginnmg of volcanic activity in the Phlegrean Fields, where undatable pyroclastics covered 

by other volcanic products dated back to about 50,000 y.B.P. were mtersected by deep 

geothermal wells. The date of the be^nning of activity is also uncertain at Vesuvms and Ischia. FOT 

Vesuvms, in feet, K - A r ages of about 0.3 Ma, obtained from a core near the bottom of the vokanic 

sequence encountered by the deep well Trecase 1 correlate badly with naimo-plankton ^es 

(0.5-1.0 Ma) from silty interbeds (Bernasconi et al, 1981). Controversy also exists in Ischia 

\\*ere the oldest volcanic products were first dated back to about 700,000 y.B.P. (Capaldi et al, 

1976) but ages no greater than 130,000 y.B.P were provided by Gillot et al (1982). In spite of the 

complexity of the geochronological framework, a period of contemporaneous activity of all five 

complexes possibly occurred within a time mterval between 200,000 and 100,000 years ago. 

Eruptions are recorded historically for three volcanoes: Ischia in 1301 (Arso lava flow), the 

Phlegrean Fields in 1538 (Monte Nuovo explosive eruption) and, possibly, in 1198 (Solfatara 

phreatic ejq)losion), and Vesuvius from A.D.79 to 1944. 

4.4 - The Somma-Vesuvius volcanic complex. 

As is well known, Somma-Vesuvius is a conq>oàte central volcano consisting of an OMCT strato-

volcano, Monte Somma, vAiose activity coded with a ^mnnit caldera collapse, and of a more rec&A 
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cone, Vesuvius, buik inside the caldera. The main feature o f the complex is represented by the 

Sharp morphological contrast between the deeply eroded arched rampart of Monte Somma and 

the regulär Vesuvhis cone. The two structures join along the Valle dd Gigante, a narrow senridrde 

\^*ose floor is fiMmed by the lava flows of sevoal éruptions. The presoice of a secondary h i ^ 

(roughly correqxmding to Colle Mar;^ierita, formed during the 1891-1894 éruption) pennits the 

distinction of the Atrio del Cavallo, dipping gently westwards, and, to the east, the Valle 

delllnferao, drainmg southwards. Somma Vesuvius is certamly one of the most famous 

volcanoes in the wrorid. Hundreds of papers bave been written about its eruptive history and its 

products, although geo-volcanologjcal mapping is surprismgly scarce. The only complete 

document of this type is the exceflait 1/10,000 m ^ published in 1891 by Jolmston-Lavis. After this 

date the UfiBdo Geologico dltaha, in 1910, and the Servizio Geologico dltalia, in 1971, 

produced two éditions of the 1/100,000 sheets of the Geologjcal Map of Italy (sheets 184 

NapoU and 18S Salerno), consisting substantially of a réduction and amplification of the Johnston-

Lavis m ^ . Major reviàons wa^e introduced by Rittmann in the N^l i - I sch ia sheet of 1971, but 

thœe mainly related to the chronology of Somma-Vesuvius activity rather than to the mapping 

itsdf 

The newest 1:25,000 Geologjcal Map of Somma-Vesuvms Conçlex introduced many significant 

modifications with respect to the previous documents. This work was executed in 1987 in the 

context of the baàc researdi fi)r the volcanic hazard zoning of the Vesuvnis area (Operative Unit 

3.3.1 of the Italian Geodynamic Project, undo- Robato Santaaoce). The àgmficant modifications 

mainly consisted of a new general stratìgraphy that is better defined, fiT>m a chronological 

viewpoint, and of a reviàon of historical sources for the définition of the recrait (A.D. 1631-1944) 

period. This m ^ (Fig. 4.3) bas been used as a ^ d e for the présent work. The m^jped area fies 
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wWrin sheets 184 H N E ("Vesuvio"), 184 I SE ("Pomigliano d'Aix»"), 185 IV SW ("S. Giuseppe 

Vesuviano") and 185 IH N W ("Boscoreale") of the Topographic Map of Italy at 1:25,000 scale. It 

extends over about 165 km^ between 40°45'00" and 40^5330" North and 14°1938" and 14°33'38" 

East. Most of the area is covered by the reUef of the Somma-Vesuvius volcanic complex that 

gently reaches down to the plain in a nearly complete ring surroimding the centrai vent. Only 

the south-southwestem sector slopes more steeply down to the sea. 

4.5 - Eruptive hìstory from 79 AD to 1944 AD 

The recorded histoiy of the volcano, handed down through orai traditions and the writings of 

historians and chroniclers, covers only a short fraction of its total life. Consequently the 

reconstructìon of the eruptive history of Somma Vesuvius requires difièrent approaches 

accordmg to the presence (or absence) of direct documentation and also to its reUabiUty. In 

spile of this, three "historic" periods can be distinguished. 

• The oldest (and longest) period, whidi precedes the femous A D . 79 Tonq)d" pliidan 

eniption, ladcs any direct histcdc data. The reconstinctìon of activity can only be based on 

geologica! data. 

• The middle period, covering the A . D . 79-1631 time-span, has largely mcomplete, 

intermittent historical documraitatioa 

• The youngest period (1631-1944) is, on the whole, well-documented. Reconstruction 

of the miptìve history of the volcano during this time span is mainly haseé on the collection, 

interpretatìon, and synthesis of historical data. 

a - The A.D. 79 - 1631 period of activity. 

The written history of volcanology began with the description by the Younger Pliny of the A D . 
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79 event, which is the first well-documented eruption. Unfortunately the data available on Vesuvius 

before the XVIIth century are scarce, scattered and mcomplete, with gaps in the documentation 

for long periods (Alfano,1924, 1929). From what httle uiformation is available, though, it seems 

that the pattems of eruptive activity diflfered considerably fi-om those of the most recent active 

cycle, 1631 - 1944; 

1) - eruptions occurred at longer intervals; 

2) - the eruptions were more explosive; 

3) - fairly large eruptions occurred during the cycle (m particular, that of A . D . 472); 

4) - i f the entu-e interval between A . D . 79 and 1139 (the date of the last certain eruption 

before 1631) is taken as one eruptive cycle, then it would be more than three times longer than 

the following one. 

The following eruptions (Tab. 4.1) are historically recorded before A D . 1631, together with 

occasionai indications of minor activity at the summit cratCT (main events are in bold character). 

Timing Description of the event 

5-6 Novanber 472 Subplinian- Flows and lahars 
products. 

8Jufy512 Subplinianf?) 
February(?)-March(?) 685 Major eruption with big lava 

flows 
787 Big eruption, mainfy explosive -

probabfy some lava flows 
November or December 968 Big eruption with lava flows 

toward the sea 
1007 Big eruption. Lava flows 
27 January 1037 Large lava flows toward the sea 
1-9 June 1139 Major explosive activity which 

obscured the sky for several days 

Tab. 4.1 Historical record of Vesuvian enqjtions before AD. 
1631. FromNazzaro, 1997. 
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Questionable éruptions are fiuther listed for 172, 203, 222 until 235, 379 until 395, 505, 536, 

991, 999, 1049, 1073±5, 1150, 1270 and 1347. A n éruption in 1500, is beUeved by many 

authors to bave been a very minor event. A lava flow bas been described by Daniele Barbaro (a 

philosopher, Vitruvio's student) in 1568, but this éruption was later considered not to exist by 

other authors (Pahnieri, 1880). 

Of thèse éruptions, only seven had imequivocally erupted lava; the first occurring in 968. At 

least two éruptions produced pyroclastic flows and surges. The average repose periods seem to 

be considerably longer than during the 1631-1944 cycle, but this may be an enhanced eflFect of 

poor reporting in that period. Possible smaller-scale, persistent StromboUan activity from the 

summit crater (that may bave been lying somewhat hidden m the major caldera dépression left by 

the A.D. 79 éruption) may have escaped recording because it did not significantly afiect Ufe 

aroimd the volcano. Two longer eruptive periods, reminiscent of 1631-1944 eruptive sub-

(^cles, are reported for 222-235 and 379-395, but détails are lacking about the séquence of 

events diuing those periods. There is also a notable increase in éruption frequency beginning in 

1007, but this coincided with better reporting on éruptions in contemporaneous sources and may 

therefore be more apparent than real. 

The irrçrecise tùne scale used in the description and notation of éruptions dvuing this period 

generally prevents rehable field corrélations. The scarcity of paleosoils, which mark significant 

pauses in the actiyity, make it very difficult to separate single eruptive events which are 

frequentìy characterized by similar kmds of products. Radiocarton dating permitted the sure 

identification of two éruptions: 472 and 1631; the chronological position of the other depoàts of 

this period is uncetain. 

The severe A . D . 472 éruption, also called the "Polleria" éruption, ravaged the Vesuvian area. 
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In a quarry near the village of Ottaviano, the A.D. 472 products are covered by a 20 cm thick 

au--fàll breccia (mainly lava clasts), possibly indicating a phreatic event. It grades upward into a 

thin humified level with a radio-caibon age of 1,550 ± 50 B.P. years probably correlating with 

the pause preceeding the A .D . 512 eruption. The descriptions of this event strongly suggest the 

presence of fragmental flows (asb streams rushing down the mountainside) and mdicated its 

strongly explosive character (asb M reported in Costantinople, as occurring in A .D . 472). At 

the Terzigno quarry a deposit some 20 cm thick, made up of white to greenish pumice set m a 

sandy matrix, could represent the A D . 512 event; air M deposits of dark sand and lapiUi cover the 

thin hiunified level overlying the 512 deposit. This type of deposit fr^uently crops out m the 

north eastem sector of the volcano, interiayered between the practically ubiquitous and cleariy 

recognisable 472 and 1631 sequences. Generally they are covered - with a paleosoil in between 

- by another fall bed characterized by the ochre color of the alto-ed pumice. No radiocaibon date is 

available for the paleosoils beneath these two deposits. In the southern sector of the volcano at 

least three leucitic lava flows underUe the younger of these two eruptions after 472 A.D. . 

b - The AD. 1631 eruption; an entirefy ejqplosive event? 

Compared with the A D 79 eruption, the event of 1631 was of minor proportions regarding 

eruptive magnitude and erupted volumes, but, not in terms of destruction and fatahties. 

Begiiming on 16 Decomber 1631 and culminating the day after, it destroyed ali towns and 

villages around the volcano and killed at least 3000 and maybe up to 6000 persons. It was thus 

the worst volcanic disaster m the Mediterranean dimng the past 1800 years. The eruption 

occurred after a repose period lastìng at least 130 and probably ahnost 500 years. Very detailed, 

but in part confìising or even misleading information is available about the 1631 eruption fi-om 

contemporaneous or near-contemporaneous sources. Only very rw^ently (starting in the late 
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1980's) has there been modera volcanological and palaeomagnetíc research on this important 

event that has signìficant imphcations for volcanic hazard assessments of the región. In fect, 

many (more or iess) modera sources deaUng with the 1631 eruption (starting with Le Hon 1865, 

1866) state that one of the most destructive and lethal agents was unusually fluid lava. Principe 

et al., in Santacroce (1987), however, were among the first to exclude the occurrence of lava 

flows in 1631. In contrast, Rolandi et al. (1993a) and Gialanella et al. (1993) again attributo 

several lava flows to the eraptìon, while Rosi et al. (1984) and Carracedo et al. (1993) refiite 

this view. Both parties rely on magnetic evidence but Rosi et al. fiirther mention that 

contemporaneous descriptions of the 1631 flow phenomena diflFer considerably from those of 

lava flows in historical documents of the 1139 eruption. Rosi and Santacroce (1984) made a 

detailed reconstruction of the 1631 event based on historical (Bracdni, 1632; Danza, 1632; Falcone, 

1632; Ghihani, 1632; MascuH, 1633; Mormile, 1635; Recupito, 1632) and stratigr^hic data The 

first important point they underHned was the explosivo character of the eruption. In fact they 

a£5rmed that no lavas connected with this event were recognized: ali lava flows assigned to 

1631 are older, having probably been erupted diuing the period 968-1037. 

Air M deposits ( U ^ greenish to daric grey pumice) bdong to the first emptìve phase: they 

outcrop in the northeastera sector of the volcano, reaching a maxhnum observed thickness of 60 

cm. Lithics are abimdant and mercase upwards in the dspost, they indude lavas, skara rodcs, and 

cumúlales. The col l i se of the eruptive column and the subsequent formation of pyroclastic flows 

are revealed by the presence of imwelded ash-tuff deposits containing abimdant Uthic clasts and 

dark grey piunice. The ash flow deposits are mainly concentrated m the southera sector of the 

volcano, where they rarely cover the fall deposits. A pink ash horizon cotnmonly occurs at the 

top of both flow and fall dq>osits. In distai outcrops this bed shows a lateral transition to 
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veàculated tuff. The 1631 séquence generally ends v^th lahar deposits. 

C-The recent actìvìty: 1631-1944. 

The most recent period of the volcano's history (Alfano, 1929; Imbo', 1949,84) is 

characterized by semi-persistent, relatively mild activity O^va fountains, gases and vapovu" 

émission from the cráter) frequently interrupted by short quiet periods that never exceeded seven 

years. Rare minor éruptions that occurred during the semi-persistent, strombohan-Hke activity 

of the volcano mainly consisted of small lava flows emitted from the summit cráter 

("intermediate éruptions"). More important emptions closed each of the short cycles interposed 

between quiescent periods ("final éruptions"). Pasty fluid blebs, spherical bombs and ash were 

violently ejected from the summit cráter acconçanying the eflEiision of moderatdy fluid lavas. 

Lavas were sometimes produced by lateral cinder cones on the flanks of the volcano. The 

emplacement of relatively small mudflows along stieam valleys cutting the Monte Somma slopes 

was usuai during these emptions. This was especially true i f the water gained access to the vent 

during a lateral emptìon so that a large quantity of ash was produced. Likewise, hot pyroclastìcs 

sometimes slumped from the oversteepened cone to form the so-called "hot-avalanches" (Ferrei, 

1924) and/or landshdes of hot scoria. 

As a whole the 1631-1944 period reflects open chimney conditions within a periodically 

refilled eruptivo system. Under these conditions the triggering of intermediate emptions could 

be ascribed to pulses of deep basic magma, while the final emptions bave been mterpreted 

(Barberi et al, 1967; Santacroce, 1983) as episodio events, probably resulting from extemal 

causes (e.g. earthquakes), provoked by moderate, discontinuons magma-groundwater 

interactions. The 1906 emption can be taken as a type-example of this activity (Matteucci et al, 

1906; Johnston Lavis, 1909; Lacrobc, 1906; Ferrei, 1924; Sabatini, 1906). 
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The éruption started on April 4tii a&er a 36 year-Iong cycle of persistent activity interrupted by 

long quiet efiiisions (1881-85, 1885-86, 1891-94, 1895-99, 1903-04) resuWng m tiie formation of 

the Colle Margherita and Colle Umberto lava-hills (Imbo', 1984, Matteucci, 1886, 94, 99, 1904, 

Pahnieri, 1896). The 1906 paroxysmal event lasted 20 days being preceded by stiong 

earthquakes and noticeable upUft; Lava-flows were emitted from a sub-summit NNW-SSE trending 

fissure, while the sunmiit Crater explosively erupted large amounts of ash, lapiUi, scoria, blocks 

and bombs, mainly on April 8th and 9th. Abimdant rainfall accompanied the whole éruption, 

provokmg the flow of mud stieams along the valleys cutting the northem and north-eastem Mt. 

Somma slopes. 

Thèse final éruptions resulted in the emptying of the eruptive System: the following short 

pauses (1-7 years) reflect the re-estabUshment of a near-surface lava column within the cbàimey 

and preceded the resumption of the strombolian-type activity, opemng a new short cycle. 

Critically since Decendjer 1944 Vesuvius bas remained dormant. This long quiescait paiod 

dq)arts fi^om the 1631-1944 pattem of activity. The mode of the fiiture renewal of activity caimot, 

therefore, be predicted. 

4.6 - Lava flows samples; sites map. 

A highly denàty of people surround the Sonmia-Vesuvius volcanic complex and the 

population bas recentiy been cUmbing higher and higher. Ahnost half a miUion people Uve in a 

near-continuous belt of towns and villages built actually on lava flows of any âge. WhQe this 

increased the hazard, it also reshicted the sampling strategy. Most of the tune was spent 

"hunting" the lavas between buildings, vineyards and old quarries, following their identification 

on the volcanological map. Fortunately, afl;er a long bureaucratie process a spécial permit was 
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obtained for sampling along the A3 Napoh-Salemo motorway. It passes through the SW 

Vesuvius slope, between the cities of Naples and Pompei, and ejqwses numerous lava flows 

(Fig. 4.4). Because of the high danger of sampling (there is always intense traffic on the A3 

motorway), a special and Constant support unit was needed. Specimens were directly cored in 

the field, using a portable electric drill, and oriented with a solar compass prior to removal. At 

each sampling site, about 15 cores were collected. The cores were later sUced into standard 

specimens (2,5 cm diameter and 2,2 cm high) at the Laboratorio di Paleomagnetismo of the 

Dipartimento di Scienze della Terra, Università' degU Studi di NapoU "Federico II" and into 

special-sized specimens (5mm diameter x3nmi high) at the Geomagnetìsm Laboratory, 

Department of Earth Sciences, University of Liverpool. 
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Chapter V -

D I R E C T I O N A L P R O P E R H E S 

5.1 - Introduction 

In this chapter ali the resuks obtamed from the PTD experiment (section 3.3a) will he 

analysed and described using Zijderveld diagrams and Intensity plots. 

Intertsity - A complete description of its general behaviour throughout the experiments 

will be given together with the initial and final N R M values. Anomahes and significant Tub 

will also be pointed out. 

Directìons - Both vertical and horizontal components will be pecuHarly analysed in order 

to identify the best-defined component. However, at this stage ali the possible results will be 

reported m tables with their relative temperature ranges and M A O following the criteria 

described in section 3.7. Al i break points and anomahes will be also outlined. 

5.2 - AD 79 - AD 1631 

5.2.1 - Site V30 

a - Intensity Behaviour 

These 6 samples had mitial NRMs between 2570 and 4380 mA/m (Figs. 5.1, 5.2) and, by 

620°-630°C, had been demagnetized almost completely. Most samples showed a smooth 

decrease m intensity, terminating with a small tail at 630°C, ahhough sample P06 had a final 

steep decay, with no tail, and some 7% of the originai remanence stili remained. In ali 

samples, the initial decrease of intensity was smooth, with no indication of a low blocking 

temperature component. At higher temperatures, there were very minor uregularities m the 

rate of decrease around 330°-360°C and 480°-500°C in 5 of the samples. Sample 03 

showed a distinct inflectìon at about 330°C, followed by a decrease to 50% at 460°C, 
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indicating significant unblocking at this temperature. The intensity then dropped only süghtly 

before recommencing a smooth fall to 292 mA/m (9%) at 630°C. In the other samples, the 

minor irregularities could be attributed to experimental error, but as they occur at süghtly 

diñerent temperatwes in dififerent samples, it is considered that these, though small, are Ukely 

to be real and may be related to mineralogical effects. 

b - Directional Behaviour 

The vectors for each sample comprised up to three apparently diñerent components (Figs. 

5.1, 5.2). These were separated by small úregularities, usually 1 or 2 successive 

measm-ements that simultaneously aflFected both the horizontal and vertical components. In 

all samples, the highest temperatm^e component was the most w d l defíned and the lowest 

temperature component, where present, was the least well defined (Tab. 5.1). For example, 

03 showed components between 330° and 420°C, 480° and 565°C, and 580° and 630°C. 

However, when the irregular components were excluded then, for all samples, a single, very 

well defíned vector was revealed, usually between 250-350° to 630°C. (This vector was 

sUghtly more precisdy defíned when the vector was anchored to the origin.) The 

irregularities observed in each sample vector coincided with the changes in curvature of 

mtensity during demagnetisation (Section 5.2.1a). 

5.2.2 - Site V36 

a) - Intensity Behaviour 

A l l 11 samples showed very súnilar behaviour (Figs. 5.3, 5.4, 5.5, 5.6). The initial N R M 

was about 6000 mA/m and, by 620°C, was ahnost completely demagnetízed (< 2%). AU 

curves showed an accelerating decrease in intensity with increasing ten^erature terminating 

with a small tail at 620°C. An anomalous inflection occurred at about 550°C for samples 03 

and 05, indicating an unblocking temperature. 
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AD 79-1631 site V30 

Mmax = 3260 mA/m 

S c a l e = 1000 mA/m 

Mmax = 3090 mA/m 

Mmax = 2570 mA/m 

S c a l e = 500 mA/m 

Fig. 5.1 - Site V30: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V30 

S c a l e = 1000 mA/m 

Mmax = 3540 mA/m 

Mmax = 44 2 0 mA/m 

S c a l e = 500 mA/m 

Fig. 5.2 - Site V30: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 siteV30 

Sample03 
Steps Dec Ine M A D 
"D" 330/420 12.5 62.3 7.4 
"D" 480/565 20.0 70.4 4.5 
"D" 580/630 18.7 66.7 l . I 
"D" 330/630 (*) 20.3 66.3 2.1 
"0" 330/630 (*) 20.7 66.0 l . I 
(*) erasing steps 440,460°C (a) 

Sample 06 
Steps Dec Ine M A D 
"D" 390/460 23.8 66.7 3.0 
"D" 480/630 13.2 62.6 1.9 
"O" 480/630 13.7 62.4 0.9 
"D" 390/630 (*) 15.5 61.6 1.8 
"0" 390/630 (*) 14.7 61.9 1.0 
(*) erasing step 460°C (b) 

Sample 09 
Steps Dec Ine M A D 
"D" 390/440 16.9 76.8 6.5 
"D" 440/480 7.4 59.3 6.4 
"D" 390/480 10.2 67.4 6.4 
"D" 500/550 2.9 65.1 1.6 
"D" 565/620 11.9 66.5 1.3 
"O" 565/620 10.6 67.4 0.7 
"D" 480/620 (*) 10.6 67.4 0.7 
"0" 480/620 (*) 10.3 67.5 0.5 
(*) erasing steps 500,550°C (c) 

Sample 11 
Steps Dee Ine M A D 
"D" 535/630 15.6 66.0 1.1 
"0" 535/630 14.0 66.5 0.9 
"D" 460/630 (*) 13.3 65.9 0.7 
"O" 460/630 (*) 13.2 66.1 0.6 
(*) erasing steps 480,520°C (d) 

Samplel2 
Steps Dee Ine M A D 
"D" 460/520 8.4 60.7 3.7 
"D" 520/620 15.8 65.5 1.0 
"O" 520/620 13.9 64.9 0.9 
"D" 390/620 (*) 14.5 64.6 1.0 
"0" 390/620 (*) 14.1 64.5 0.7 
(*) erasing steps 460,500°C (e) 

Samplel3 
Steps Dec Ine M A D 
"D" 440/535 (*) 6.6 59.3 1.8 
T)" 535/630 (*) 11.3 62.4 0.9 
"O" 535/630 (*) 10.5 62.2 0.6 
"D" 360/630 (**) 9.8 62.9 0.7 
"0" 360/630 (**) 9.7 62.7 0.5 
(*) erasing step 480°C 
(**) erasing steps 440,460,500°C (f) 

Tab. 5.1 - Site V30: Directional results calculated using principal component 
analysis (Kirschvink, 1980). 
"D" = floating point; "O" = anchored to the origin 
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Some veiy minor irregularities occurred at the same steps of temperature in samples OlB, 

03 & 05, which could he due to experimental error, although they occur in different samples 

at the süghtly different temperatures. 

b) - Dù-ectional Behaviour 

In ali 11 samples a high temperature component (usually between 520 - 620°C) was well 

defined. A medium temperature component, which was not always present, was less well 

defined but stili statistìcally acceptable. The visual analyses of ali the components showed 

sample 09 to bave a very anomalous direction while ali the remaining samples showed similar 

directions. In more detail (Tabs. 5.2, 5.3), the high temperature components analyses 

showed two possible groupings of dechnation values; an Easterly group (>20°E) and another 

between 10-20°E, while the inclination values were ahnost identical. The medium 

temperature component m samples OlB, 14, 17B and, although with a dechnation shghtly 

different, in 05 & 06 was very similar to the Easterly high temperature group. 

5.2.3 - Site V37 

a) - Intensity Behaviour 

The 10 samples had variable mitial N R M s between 4250 and 8660 mA/m (Figs. 5.7, 5.8, 

5.9, 5.10) and, by 620-630°C some samples 595°C), had been demagnetized almost 

completely. Al i the samples showed an accelerating decrease in intensity with increasing 

temperature starting from 150-250°C and terminating with a very anomalous tail. In fact, 

only samples 7A and 14B showed an ideal hyperbohc tail, while ali the others showed a 

distmct inflectìon at about 535°C, indicatmg significant unblocking at this temperature. 

Some minor hregularities were considered to be real as they occurred at different steps of 

temperature (within the range 420-520°C), although in some samples, (7B, lOB, 13B) the 

intensity behaviour was unclear. 
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b) - Directìonal Behaviour 

Ali the samples showed a very well defined high temperature component between 

520/550 and 595/635°C. The vertical vector, m ali the spectra, showed a very Unear trend for 

ali the samples, while the horizontal one always had a zigzag behaviour at low and medium 

temperatures. 

The high temperature component analyses showed two possible groupmgs of declination 

values; samples 06, 7A and 7B showed values around 0° while the others showed values 

around 14° (Tabs. 5.4, 5.5). The inclination was almost the same for ali samples. 

5.2.4 - Site V27 

a) - Intensity Behaviour 

These 6 samples had an initial N R M around 4000 mA/m and, by 620-630°C, had been 

completely demagnetized, generally with a final steep decay above 500°C (Figs. 5.11, 5.12). 

Samples 03, 04 and 06 showed an almost hnear decrease in intensity with two dear breaks 

(360°C and 440°C) in the rate of decrease. Samples 07, 12, 13 had accelerating decreases in 

intensity with increasing temperatiu-e, although they showed minor deflections at the same 

temperatures as the above mentioned breaks. Same deflections occurred both in 07 and 12 

around 550-565°C indicating a significant unblocking. 

b) - Directìotial Behaviour 

For ali these samples only a high temperature component was well defined. They showed 

a very clear vertical component, while the horizontal was very unclear until 500°C. The 

analysis of the vectors showed similar du-ections for ali the samples and with very low M A D 

values (Tab. 5.6). 
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AD 79-1631 site V36 

Mmax = 672 0 itiA/m 

S c a l e = 1000 mA/m 

Mmax = 7260 mA/m 

Mmax = 6690 mA/m 

S c a l e = 2000 mA/m 

Fig. 5.3 - Site V36: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V36 

Fig. 5.4 - Site V36: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V36 
K K 

Sanale 09 

2000 mA/m 

Mmax = 5560 mA/m 

Mmax = 62 8 0 mA/m 

Mmax = 67 20 mA/m 

c a l e = 1000 mA/m 

Fig. 5.5 - Site V36: Zijderveld diagrams and Intensity plots. 
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Fig. 5.6 - Site V36: Zijderveld diagrams and Intensity plots. 
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A D 79-1631 siteV36 

Sample OIB 
Steps Dec Ine M A D 
"D" 460/550 24.1 63.6 2.3 (*) 
"D" 550/620 15.9 64.7 0.7 
"0" 550/620 16.2 64.5 0.5 
"D" 420/620 19.0 64.5 2.4 
"O" 420/620 19.1 64.5 1.5 
(*) visible only on H component (a) 

Sample 03 
Steps Dec Ine M A D 
"D" 520/620 23.5 66.3 0.7 
"D" 520/620 23.5 66.3 0.5 
"D" 480/620 (*) 21.2 64.9 0.9 
"0" 480/620 (*) 21.5 64.7 0.7 
(*) erasing step 520° 

(*) erasing step 480° 

(b) 

Sample 05 
Steps Dec Ine M A D 
"D" 520/565 30.5 63.3 0.9 
"D" 580/620 25.1 63.1 0.3 
"0" 580/620 26.6 63.0 0.9 
"D" 440/565 (*) 31.8 63.9 0.7 
"D" 440/620 (*) 31.5 63.9 0.6 
"0" 440/620 (*) 31.1 63.9 0.5 

(c) 

Sample 06 
Steps Dec Ine M A D 
"D" 525/580 31.3 62.4 1.3 
"D" 580/620 23.1 62.0 0.9 
"O" 580/620 24 62.3 0.7 
"D" 460/620 (*) 30.8 62.4 1.3 
"0" 460/620 (*) 30.4 62.6 1.0 
(*) erasing steps 480° (d) 

Sample 07 
Steps Dee Ine M A D 
"D" 500/620 9.5 67.2 1.0 
"0" 500/620 9.0 67.3 0.7 
"D" 500/620 (*) 10 67.1 0.5 
"O" 500/620 (*) 9.6 67.2 0.4 
"D" 460/620 (**) 10 1 67.1 0.9 
"O" 460/620 (**) 9.5 67.2 0.6 
erasing steps (*) 53 5° and (**) 480° (e) 

Sample 08 
Steps Dee Ine M A D 
"D" 520/565 27.3 64.2 0.5 
"D" 580/620 24.5 58.7 3.0 
"0" 580/620 25.1 60.6 2.1 
"D" 520/620 27.7 64.2 0.7 
"0" 520/620 27.6 64 0.6 
"D" 520/620 (*) 27.6 64.1 0.4 
"O" 520/620 (*) 27.7 64.0 0.3 
(*) erasing step 580° (f) 

Tab. 5.2 - Site V36: Directional results calculated using principal conqwnent 
analysis (Kirschvink, 1980). 
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AD 79-1631 siteV36 

Sample 09 
Steps 
"D" 330/440 
•D" 460/535 
"D" 535/620 
'O" 535/620 

Dec 
74.7 
73.2 
72.3 
72.4 

Inc 
54.9 
46.0 
44.8 
44.8 

(a) 

Sample 11 

M A D 
6.4 
3.0 
0.5 
0.4 

Steps Dec Inc M A D 
"D" 595/620 (*) 27.8 66.9 0.6 
"O" 595/620 (*) 27.5 66.9 0.4 
"D" 390/620 (*) 28.1 67.4 0.8 
"0" 390/620 (*) 28.1 67.4 0.6 
(*) erasing steps 460,480 o (b) 

Sample 14 
Steps Dec Inc M A D 
"D" 420/480 22.7 63.7 2.6 
"D" 500/620 15.0 61.2 1.0 
"0" 500/620 15.1 60.9 0.9 
"D" 420/620 (*) 15.5. 61.1 0.6 
"0" 420/620 (*) 15.5 60.9 0.5 
(*) erasing step 5C K)° (d) 

(e) 

Samplel6 
Steps Dec Inc M A D 
"D" 550/620 15.1 64.9 1.2 
"0" 550/620 14.8 65.3 0.8 
"D" 250/620 16.6 66.0 1.2 
"0" 250/620 16.5 65.9 0.7 

Sample 17B 
Steps Dec Inc M A D 
"D" 420/535 24.5 67.6 3.9 
"D" 535/620 17.6 66.0 0.5 
"O" 535/620 17.8 66.1 0.4 

Tab. 5.3 - Site V36: Dírectioiial r̂ utts calculated using ¡nincipal component 
anafysis (Kirschvink, 1980). 
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AD 79-1631 site V37 

Mmax = 5170 

S c a l e = 1000 mA/m 

Mmax = 4250 mA/m 

S c a l e = 1000 mA/m 

Sample 06 

S c a l e = 1000 mA/m 

N M 

K UP 

Mmax = 579 0 mA/m 

Fig. 5.7 - Site V37: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V37 

Mmax = 6650 

S c a l e = 1000 mA/m 

Mmax = 5970 mA/m 

Mmax = 8350 mA/m 

S c a l e = 2000 mA/m 

Fig. 5,8 - Site V37: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 

K N 

S c a l e = 1000 mA/m 

M K 

site V37 

Mmax = 7 9 50 

7 0 0 
s t e p 

Mmax = 7550 mA/m 

7 0 0 

s t e p 

Fig. 5.9 - Site V37: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V37 

Mmax = 8 660 

S c a l e = 2000 mA/iti 

Mmax = 7600 mA/m 

S c a l e = 2000 mA/m 

Fig. 5.10 - Site V37: Zijdeiveld diagrams and Intensity plots. 
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A D 79-1631 siteV37 

(b) 

(c) 

Sample POI 
Steps Dee Ine M A D 
"DM20/595 16.7 64.4 1.3 
"OM20/595 16.9 64.2 0.6 
"D"550/595 13.5 64.9 1.0 
"O"550/595 15.9 63.7 1.0 
(a) 

Sample POS 
Steps Dee Ine M A D 
"D"520/595 18.4 66.9 0.6 
"D"520/595 18.5 66.5 0.5 

Sample P06 
Steps Dee Ine M A D 
"D-520/595 1.5 61.9 0 6 
''O"520/595 1.6 61.8 0.4 

Sample P07A 
Steps Dee Ine M A D 
''D''500/595 357.6 59.3 0.5 
''O''500/595 357.5 59.4 0.4 
"D''550/595 357.7 60.5 1 
"O"550/595 357.7 59.7 0.6 
(d) 

S 

Sample P07B 
Steps Dee Ine M A D 
"D''480/550 354.6 59 0.9 
"D"565/635 357.4 60.0 1.5 
"0"565/635 357.8 58.8 1.5 
"D"480/635 (*) 353.1 58.6 0.8 
"O"480/635 (*) 353.3 58.4 0.6 
(*) erasing steps 525,565°C (e) 

Sample PIOA 
Steps Dee Ine M A D 
''D''535/635 11.9 59.7 2.0 
"0"535/635 11.4 60.4 1.6 
"D"580/635 10.4 61.5 0.8 
"O''580/635 9.7 61.5 0.6 

Tab. 5.4 - Site V37: Diiectioiial lesults calculated using principal component 
analysis (Kirschvink, 1980). 
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AD 79-1631 siteV37 

Sample PIOB 
Steps Dec Ine M A D 
''D''520/635 9.7 55.6 1.2 
•'O"520/635 9.5 55.9 1 
(a) 

(b) 

Sample P l l 
Steps Dec Ine M A D 
"D"535/610 14.5 62.5 1.5 
•'O"535/610 14.2 62.8 0.7 

Sample P13 
Steps Dec Ine M A D 
"D"580/635 14.0 65.5 0.9 
''O"580/635 14.8 65.5 0.7 
"D"535/635 (*) 14.7 65.6 1.0 
"0"535/635 (*) 14.7 65.6 0.7 
(*) erasing step 565°C (c) 

Sample P14 
Steps Dee Ine M A D 
"D"550/610 12.2 63.6 1.2 
"O"550/6I0 11.7 63.3 0.6 
"D"480/610 (*) 11.0 64.9 0.4 
"O"480/610 (*) 11.0 64.5 0.4 
(*) erasing step 14(520) (d) 

Tab. 5.5 - Site V37: Directional results calculated using principal conqxment 
analysis (Kirschviric, 1980). 
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AD 79-1631 s±t:e V27 

Mmax = 3660 

S c a l e = 1000 mA/m 

N K 

Sample 04 

S c a l e = 500 mAym 

s o» 

Mmax = 3160 mA/m 

Mmax = 40 5 0 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.11 - Site V27: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V27 

Mmax = 5080 

S c a l e = 1000 mA/m 

Mmax = 5130 mA/m 

Mmax = 4 050 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.12 - Site V27: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 sìteV27 

Sample P03 
Steps Dec Ine M A D 
"D" 500/620 13.0 62.4 1.8 
"0" 500/620 12.3 62.5 1.1 
(a) 

Steps 
"D" 535/620 
"O" 535/620 

Sample P07 
Dee 
8.8 
9.1 

(d) 

Ine 
61.0 
61.4 

M A D 
1.3 
0.8 

Sample P04 
Steps 
'D" 520/620 
'O" 520/620 

Dec 
9.1 
9.3 

(b) 

Ine 
63.3 
62.8 

M A D 
2.0 
1.1 

Sample P12 
Steps Dec Ine M A D 
"D" 520/630 11.1 62.9 2.0 
"0" 520/630 10.0 63.5 1.4 
(e) 

Sample P06 
Steps Dec Ine M A D 
"D" 550/630 6.9 63.5 1.0 
"0" 550/630 7.7 63.4 0.7 
(c) 

Sample P13 
Steps Dec Ine M A D 
"D" 550/620 17.2 60.4 1.5 
"0" 550/620 16.7 60.1 0.8 
(f) 

Tab. 5.6 - Site V27: Directional r̂ ults calculated using principal component 
analysis (Kirschvink, 1980). 
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5.2.5 - Site V33 

Premise 

All 6 samples showed very anomalous behaviour during measurement. As it was 

observed that there was a little directional consistency, each measurement was repeated 

several times. Values were rejected when the measurement error was considered too high or 

when they started to behave randomly. This process did allow Identification of some 

directions that had a similar direction. However, no consistency could be found above 500°C 

in most of the samples. 

a) - Intensity Behaviour 

Only sample 10 showed an unequivocal concave curve fi-om 20 to 550°C, at which 

temperature the initial N R M (4110 mA/m) was completely demagnetized. Al l the other 

samples showed quite similar behaviour to each other and an initial N R M around 1800 

mA/m (Fig. 5.13, 5.14). These showed a hnear decrease, especially below 300°C, followed 

by an uncertain trend imtil the end, although a significant break pomt seemed to occur 

around 330-360°C m most samples. 

b) - Directional Behaviour 

Both the horizontal and vertical components showed a zigzag behaviour during 

demagnetization, especially at high temperature (> 400°C). Although some Steps needed to 

be erased because of their poor definition, all samples showed a unique dh-ection with a still 

acceptable value of M A D (< 5°). Sample 10 vectors had a curving trend. After detailed 

visual anal5^is, the vectors, showed a direction very similar to the others samples in the ränge 

250-480°C (Tab. 5.7). 
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AD 79-1631 s±t:e V33 

S c a l e = 200 mA/m 

Mmax = 1710 

B V9 

Mmax = 182 0 mA/m 

S c a l e = 200 mA/m 

K N 

Sample 03 

S c a l e = 200 mA/m 

DP 

Mmax = 13 90 mA/m 

o loo 200 300 
Step 

Fig, 5.13 - Site V33: Zijderveld diagrams and Intensity plots. 

76 



Fig. 5.14 - Site V33: Zijdeiveld diagrams and Intensity plots. 

77 



AD 79-1631 siteV33 

Sample POI 
Steps Dec Ine M A D 
"D" 20/420 356.8 53.6 3.2 

(a) 

Sample P05 
Steps Dee Ine M A D 
"D" 20/420 351.9 49.0 2.8 
(d) 

Sample P02 
Steps Dee Ine M A D 
"D" 100/440 348.5 59.0 2.6 
(b) 

Sample P03 
Steps Dec Ine M A D 
"D" 20/390 345.0 55.6 3.9 
(c) 

Sample PIO 
Steps Dec Ine M A D 
"D" 250/480 352:0 55.0 3.7 
erasing step 390°C (e) 

. Sample P13 
Steps Dec Ine M A D 
"D" 300/565 349.5 57.9 2.9 
(f) 

Tab. 5.7 - Site V33: Directional results calculated using principal conq»n^ 
analysis (Kirschvink, 19S0). 
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5.2.6 - Site V26 

a) - Intensìty Behaviour 

The mitial N R M was around 2800 mA/m for ali 6 samples. They showed the same 

behaviour over ali the temperature spectra, except 07A, which had an increase in intensity 

between 20 and 100°C (Figs. 5.15, 5.16). A distinct convex curvature was always showed m 

the range 250-460°C followed by a quite linear decay until 565°C and terminating with a 

small tail at 580° where the initial remanence was completely demagnetized. 

b) - Directìonal Behaviour 

The 6 samples showed up to three difiFerent components. For example, sample 01 had a 

low temperature component in the range 100-360°C, a medium one between 390 and 460°C 

and the highest one between 460 and 560°C. Al i the other samples had the same high 

component while, the lowest one, was in the range 150 - 460°C. 

The linear analyses of the vectors showed that the high temperature components did not 

always bave the best definition but there was a good consistency between them. The same 

occurred for most of the medium components (Tab. 5.8). 

5.2.7 - Site V31 

a) - Intensity Behaviour 

Sample 14 showed a very anomalous trend (Figs. 5.17, 5.18). A concave curve between 

100 and 460°C and then, with increasing temperature, a linear decrease in mtensity with a 

clear break at 520°C. At 620°C h was not completely demagnetized and showed a final 

steep decay, with no tail and some 7% of N R M stili remained. 

Al i the other samples showed a very similar behaviour to each other. Initial N R M was 

about 5000 mA/m and, by 620°C, was completely demagnetized. Al i the curves showed an 

accelerating decrease m mtensity terminating with a small concave tail. 
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b) - Directìonal Behaviour 

These 6 samples showed two completely different sets of behaviour. Samples 01, 06 and 

08 had a quite clear single component that was very well defined, especially at high 

temperatures. The other 3 samples showed at least three dififerent components, at dififerent 

ranges of temperature, Unked often with a curvmg trend. 

The visual analyses of the vectors (Tab. 5.9) showed that the highest temperature 

component was almost identical to the one isolated from the first group of samples, but only 

m sample 11 was it well defined. 

5.3-AD 1697 

5.3.1 - Site V28 

a) - Irttensity Behaviour 

These 6 samples had an mitial N R M around 8000 mA/m and, by 620°C, had been 

completely demagnetized, generally with a final small tail above 550°C (Figs. 5.19, 5.20). Al i 

the samples showed a very httle decrease m mtensity until 330°C followed by a rapid 

accelerating decrease with increasmg temperature until the start of the final tail. A clear 

deflection occurred in the sample 02 at 480°C while, in samples 05 and 06, around the same 

temperature, it was pooriy marked. 

b) - Directìonal Behaviour 

Ali the samples showed a veiy well defined h i ^ ten^erature component between 565 and 

620°C. The vertical vector, in ali the spectra, showed generally a better Unear trend than the 

horizontal one which had a zigzag behaviour especially at low and medium temperatures. 

The high ten^)erature component analyses showed different groupings of declination 

values; samples 02, 05 and 06 showed dechnations around 15°, 08 and 12 around 356° while 
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sample 11 declination had an intermediate value, 6°. 

ali samples(Tab. 5.10). 

The inclination was almost the same for 

5.3.2 - Site V29 

Premise 

For these 7 samples, shghtly diflPerent steps of temperature were used than for other sites. 

It was the first site thermally demagnetized and therefore was used as a test. Later, in 

accordance with ali the other experiments, diflferent temperature settings were chosen. 

a) - Intensity Behaviour 

Al i the samples showed high initial N R M values of about 7500 mA/m and by 620°, were 

almost completely demagnetized. They showed an accelerating decrease in intensity starting 

fì-om 150°C and terminating at 560°C, above which a httle concave tail occurred. Minor 

deflections, at shghtly diCFerent temperatures (425-460°C) were noticed in ali the samples 

(Fig. 5.21, 5.22, 5.23). 

b) - Directìonal Behaviour 

Both vertical and horizontal vectors showed similar behaviour, a very hnear trend 

throughout the medium and high temperatures and an unclear one at low temperatures. A 

more detailed analysis of the vectors showed a unique component for ali the samples, except 

03 that showed a shghtly difFerent component between 480-540°C. 

The inclination value was almost identical for ali the samples while the declination of the 

sample 13 was shghtly diflferent from ali the others. It was noticed that the high temperature 

component of sample 13 was consistent with the medium one of the sample 03 (Tab. 5.11). 
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AD 79-1631 site V26 

Mmax = 2550 

S c a l e = 500 mA/m 

Mmax = 3110 mA/m 

Mmax = 2820 mA/m 

S c a l e = 500 mA/m 

Fig. 5.15 - Site V26: Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V26 

S c a l e = 500 mA/m 

Mmax = 2610 mA/m 

Mmax = 28 20 mA/m 

S c a l e = 500 mA/m 

Fig. 5.16 - Site V26: Zijderveld diagrams and Intensity plots. 
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A D 79-1631 siteV26 

Sample Ol 
Steps Dec Ine M A D 
"D" 460/565 (*) 18.4 32.2 5.8 
"0" 460/565 (*) 19.8 29.9 3.3 
"D" 390/460 353.5 62 2.1 
"D" 100/360 321.5 52.6 3.7 
(*) erasing steps 480,580°C (a) 

Sample 03 
Steps Dec Ine M A D 
"D" 500/565 (*) 27.3 26.9 4.2 
"0" 500/565 (*) 27.8 27.5 2.5 
"D" 150/440 (**) 10.2 50.6 3.6 
(*) erasing step 580°C 
(**) erasing step 480°C 

(b) 

Sample 04 
Steps Dec Ine M A D 
"D" 500/565 (*) 21.5 39.1 3.8 
"0" 500/565 (*) 24.2 36.8 3.4 
"D" 150/500 11 5.5 57.3 

Sam [>le 07A 
Steps Dee Ine M A D 
"D" 500/565 (*) 25.4 45 2.8 
"0" 500/565 (•) 25.9 43 2.4 
"D" 150/440 9.9 55.2 3.3 
(*) erasing steps 580°C (d) 

Sam Hie 09A 
Steps Dec Ine M A D 
"D" 420/565 (*) 15.7 55.1 2.2 
"O" 420/565 (*) 16.7 54.6 1.5 
"D" 100/360 14.4 58 3.8 
"D" 100/565 (**) 15 12.5 57.4 
"O" 100/565 (**) 13.7 56.6 1.4 
(*) erasing steps 580°C (e) 
(**) erasing steps 20,390,580°C 

Sam die lOA 
Steps Dec Ine M A D 
"D" 460/565 (*) 10.8 58.9 3.3 
"0" 460/565 (*) 11.3 58.6 2 
"D" 150/460 3.5 55.5 2.7 

(*) erasing steps 580°C (c) (*) erasing step 580°C (f) 

Tab. 5.8 - Site V26: EHiectional î ults calculated using principal component 
analysis (Kirscbvink, 1980). 
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AD 79-1631 site V31 

Mmax = 607 0 

a l e = 1000 itiA/m 

Mmax = 510 0 mA/m 

Mmax = 5340 mA/m 

a l e = lOOO mA/m 

Fig. 5.17 - Site V31 : Zijderveld diagrams and Intensity plots. 
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AD 79-1631 site V31 

Sample 11 

Mmax = 4090 

S c a l e = 1000 mA/m 

Mmax = 4 47 0 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.18 Site V31 : Zijderveld diagrams and Intensity plots. 
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A D 79-1631 siteV31 

Sample Ol 
Steps Dec Ine M A D 
"D" 535/620 17.8 65.7 0.6 
"0" 535/620 17.8 65.4 0.5 
"D" 330/440 8.9 59 2.5 
"D" 300/620 (*) 14.6 65.1 1.6 
"O" 300/620 (*) 15.3 65.2 1 
(*) erasing steps 460°C (a) 

Sample 08 
Steps Dec Ine M A D 
"D" 520/620 (*) 9.8 64.4 0.4 
"D" 330/620 (*) 9.5 64.1 1 
"O" 330/620 (*) 9.8 64.1 0.6 
(*) erasing steps 565°C (c) 

Sample 06 
Steps Dec Ine M A D 
T)" 520/620 13.1 61.9 0.6 
"0" 520/620 14.2 61.3 1 
"D" 360/620 (*) 13.9 60.8 1 
"0" 360/620 (*) 14.2 60.7 0.7 
(*) erasing step 500°C (b) 

Sample 11 
Steps Dec Ine M A D 
"D" 580/620 10.4 66.8 1 
"0" 580/620 10.5 66 0.8 
(d) 

Tab. S.9 - Site V31 : Diiectioiial results caloilated using principal component 
analysis (Kirschvink, 1980). 
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AD 1697 site V28 

M N 

Mmax = 7800 mA./m 
1 -O 

70Ò 

Mmax = 7 45 0 mA/m 
l.O' 

7 0 0 

S t e p 

Mmax = 7540 mA/m 
l.O-

step 

Fig. 5.19 - Site V28: Zijderveld diagrams and Intensity plots. 
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AE> 1697 site V28 

M m a x = 7 7 2 0 m A / m 
1 n t |i I I — — — 

Fig, 5.20 - Site V28: Zijderveld diagrams and Intensity plots. 
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AD 1697 siteV28 

Sample 02 
Steps Dec Ine M A D 
"D" 535/620 15.5 56.6 0.4 
"O" 535/620 15.6 56.4 0.3 
"D "250/535 16.8 54.4 7 

Sample 08 
Steps Dec Ine M A D 
"D" 595/620 359.3 59.5 1.1 
"O" 595/620 358.6 59.3 0.5 
"D" 500/565 356 60.2 0.7 

(a) (d) 

Sample 05 Sample 11 
Steps Dec Ine M A D Steps Dec Ine M A D 
"D" 580/620 18.3 62.2 0.4 "D" 565/620 7 60 1 
"O" 580/620 18.9 61.6 0.5 "O" 565/620 6.8 60 0.6 
"D" 440/535 16.6 59.9 4 "D" 20/620 6 59.8 2.2 

(b) "O" 20/621 6 59.9 1.1 
(e) 

Sample 06 Samplell 
Steps Dec Ine M A D Steps Dee Ine M A D 
"D" 580/620 11.2 62.7 1.2 "D"580/620 356.8 63.9 0.3 
"0" 580/620 12 61.9 0.8 "D"580/620 356.6 63.6 0.2 
"D" 480/550 12.7 61.2 1.5 "D"520/580 355.7 65.3 1 

"D"520/620 355.7 65.1 08 
"D"520/620 355.7 64.8 0.6 

(f) 

Tab. 5.10 - Site V28: Diiectional results calculated using principal component 
analysis (Kirschvink, 1980). 

90 



AD 1697 sxte V29 

Mmax = 7490 mA/m 

S c a l e = 1000 mA/m 

Mmax = 62 5,0 mA/m 

Mmax = 60 4 0 mA/m 

S c a l e = 2000 mA/m 

Fig. 5.21 - Site V29: Zijderveld diagrams and Intensity plots. 
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N H 

Fig, 5.22 - Site V29: Zijderveld diagrams and Intensity plots. 
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7 00 

S t e p 

Fig. 5.23 - Site V29: Zijderveld diagrams and Intensity plots. 
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AD 79-1697 siteV29 

Sample03 
Steps Dec Ine M A D 
"D" 540/620 12.7 58.2 0.4 
"O" 540/620 12.8 58.2 0.3 
"D" 480/540 9.4 57.5 13 
"D" 20/620 11.6 56.8 2 
"0" 20/620 11.7 57.2 0.8 

(a) 

Sample 04 
Steps Dec Ine M A D 
"D" 400/620 15.2 56.7 0.6 
"O" 400/620 15.3 56.7 0.3 

(b) 

Sample 05 
Stq)s Dec Ine M A D 
- D " 500/620 14.3 56.1 0.5 
"O" 500/620 14.5 56.2 0.4 

(c) 

Sample 09 
Steps Dec Ine M A D 
"D" 480/620 (*) 19 57.7 0.6 
"0" 480/620 (*) 19.2 57.8 0.5 
"D"20/620 18.6 57.8 2.1 
"0" 20/620 19 58 1 
(*) erasing steps 610°C (d) 

Sample 13 
Steps Dec Ine M A D 
"D" 500/620 8.2 53.3 0.7 
"O" 500/620 8.2 53.5 0.5 
"D" 440/620 (*) 7.9 53.6 0.6 
"O" 440/620 (*) 8 53.7 0.4 
(*) erasing steps 580°C (e) 

Sample 14 
Steps Dee Ine M A D 
"D" 480/620 14.8 58 0.5 
"0" 480/620 15 58.2 0.4 
"D" 400/620 (*) 15.2 58.6 0.7 
"O" 400/620 (*) 15.3 58.6 0.5 
(*) erasing step 580°C (f) 

Sample 15 
Steps Dec Ine M A D 
"D" 520/580 18.4 58.4 0.9 
"0" 520/580 18.3 59.2 0.8 
"D" 20/620 18.5 60.2 2.6 
"0" 20/620 18.7 60.1 1 

(g) 

Tab. 5,11 - Site V29: EHrectional reailts calculated using principal component 
analysis (Kiischvink, 1980). 
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5.4- AD 1714/(1906?) 

5.4.1 - She V38 

a) - Intensity Behaviour 

A l i these 8 samples had an initìal N R M around 5000mA/m and showed an acceleratìng 

decrease in intensity starting from 250-300°C, tenninating aroimd 580''C with an almost 

linear tail (excqjt for sanq)les 11A and 12B that showed a concave tail) until 620-630°C 

(Figs. 5.24, 5.25, 5.26). 

Some sanóles showed minor irregularities around 330-360°C but ali of them showed a 

clear deflectíon around 460-480°C. Sample 09A had an mercase in intensity at 520°C. 

b) - Directional Behaviour 

Samples 09A and 07A had a very unclear trend, espeeially for the horizontal vector, and 

only a very high tonperature conjponent could be isolated by visual analyses. Al i the other 

sample vectors showed a similar behavioiu' to each oth^ with a clear and imique conq)onent 

starting from 480-520''C. 

Both declinations and inchnations were very consistent for ali the samples (Tab. 5.12). 

5.5- AD 1754 

5.5.1 - Site V39 

a) - Intensity Behaviour 

These 8 samples showed mainly a similar behaviour an initial N R M around 5000 mA/m, 

an aceelérating decrease in intensity starting around 300°C then, aroimd 550°C, a tail with a 

generally Hnear trend, but sometimes concave. 

Minor irregularities occurred in ali the sample vectors around 360-420°C v^Me a 

deflection occurred around 4 8 0 X for 04A, 05A and 06A (Figs. 5.27, 5.28, 5.29). 

b) - Directional Behaviour 
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These samples showed two slightìy different components, except sample 01 A. A medium 

component between 440-500°C and 550-565°C, and a higher one between 565 and 610-

630°C. 

The hnear analyses of the vectors showed that the high temperature component was not 

always the best defined but there was a good consistency between them. The same occurred 

for most of the medium componems (Tab .5.13). 

At the highest temperature (610 to 630°C) ali samples (except 05A and 06B) had both the 

dechnation and mchnation valúes moving away from the main value. 

5.5.2 - Site V40 

a) - Intensity Behaviotir 

These 8 samples had an mkial N R M around 4000 mA/m and, by 620-630°C, had been 

completely demagnetized, generally with a httle final concave tail above 550°C (Figs. 5.30, 

5.31, 5.32). A l i the samples (except 06A, 01 l A and 013A) showed an ahnost Hnear decrease 

in mtensity with two clear breaks (420°C and 535°C) in the rate of decrease. The 

exceptional samples, mentioned above, had accelerating decreases in intensity with increasing 

temperature, starting aroimd 300°C, although they showed minor deflections around the 

temperatures as the above mentioned breaks. The same deflections occuired in 06A and 

12A around 565-580°C, probably mdicatmg a significant unblocking. 

b) - DirectìoTial Behaviour 

In almost ali the samples the horizontal vector showed a zigzag trend until 500-520°C, 

while the vertical vector was hnear over ali the temperature steps. Above 500-520°C, the 

visual analyses showed a quite well defined component with dechnation and dechnation 

valúes very similar for ali the samples (Tab. 5.14). 
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At the highest temperature (620 to 640°C) ali samples (except 06A and H A ) had both 

the dechnation and mchnation values moving away from the mam value. 

5.5.3 - Site V41 

a) - Intensity Behaviour 

These 8 samples had an mitial N R M around 6-7000 mA/m and, by 620°C, had been 

completely demagnetized, generally with a final Httle tail above 550°C (Figs. 5.33, 5.34, 

5.35). Al i the samples showed a mmor decrease m intensity until 330°C, followed by a rapid 

accelerating decrease until the start of the final tail. 

A clear anomaly occurred in ali the samples aroimd 535-550°C, while minor irregularities 

occurred in different samples at difièrent steps of temperature. 

b) - Directìonal Behaviour 

Al i the samples showed a very well defined high temperature componeirt between 

460/520 and 620°C. Both the vertical and the horizontal vector, showed a very hnear trend 

for ali the samples, whit a zigzag behaviour only at low temperatures. Samples H A and 12A 

had the same clear irregularity at 550°C. 

The high temperature component analyses showed a utrique group of dechnation and 

inclination values with a very small M A D ni ali the samples (Tab. 5.15). 

S.6-AD1760 

5.6.1-Site V32 

a) - Intensity Behaviour 

Samples 01 and 03 behaved quite diflFerently fì-om the other 4 samples. They had a lower 

initial N R M (4000 mA/m), two linear decreases in intensity with a clear break at 250°C and a 

97 



very significant deflection at 460°C indicating an important imblocking temperature. Neither 

showed a final tail and there was some N R M (-7%) remaining. 

The other samples had a higher initial N R M (7000 mA/m). They showed a very small 

decrease in mtensity until 300° followed by an accelerating decrease until 535°, fi-om which 

temperature a httle tail started (except 11 and 12 that had no evidence of it). Some minor 

irregularities occurred at 360, 460 and 550°C. (Figs. 5.36, 5.37) 

b) - Directioml Behaviour 

Ali the samples behaved very similarly (Tab. 5.16). They showed a hnear trend over the 

medium and high temperature range (especially the vertical vector) startmg usually around 

250-300°C. A few breaks m the trend occurred around the same temperatures as the above 

mentioned irregularities. 

5.6.2 - Site V34 

a) - Intensity Behaviour 

Samples 01, 02, 03 and 04 showed a shghtly diflFerent behaviour fi-om the other two. In 

fact they had a higher mitìal N R M (3500 mA/m) and showed an accelerating decrease in 

intensity starting around 330°C with a clear deflection (especially 01 and 02) at 420°C. 

Samples 06 and 11 had the mitial N R M respectively of 3000 and 2500 mA/m. They 

showed a quite hnear decay fi^om 20°C and about 390°C showed a small accelerating 

decrease in mtensity until 500°C. Minor irregularities occurred at 300 and 460°C. 

Al i the samples showed a very small tail starting around 535-550°C. At highest 

temperature (550 to 580°C) samples (except 06, 11 and 04) had both the dechnation and 

inclination values moving shghtìy away fi"om the mmn value (Figs. 5.38, 5.39). 

b) - Directìonal Behaviour 
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Both vertical and horizontal vectors showed similar behaviour, a veiy linear trend 

throughout the medium and high temperatures, especially for the vertical component, and an 

unclear one at low temperatures. A detailed analysis of the vectors showed a unique 

component for ali the samples with a very low M A D (Tab. 5.17). 

5.6.3 - Site V35 

a) - Intensity Behaviour 

Ali these 11 samples showed a very similar behaviour (Figs. 5.40, 5.41, 5.42, 5.43). 

Startmg from an initial N R M value of 3500 mA/m, by 620°C they had been almost 

completely demagnetized (<2°). No significant decrease m mtensity was seen until 250°C, 

while an accelerating decrease started at that temperature until 535-550°. A final small linear 

tail was present. 

Some minor hregularities occurred around 420 and 535°C in almost ali the samples while 

an anomalous increase m intensity occurred at 500°C only in sample 05. 

b) - Directional Behaviour 

Ali the samples showed a very well defined high temperature component usually between 

500 and 620°C. Both the vertical and horizontal vectors showed an unclear behaviour at 

lowest temperatiu^es but a very linear trend above 500°C. 

The high temperature component analyses showed a very good consistency m 

dechnation and inclination values with a M A D often below 1° in ali the samples (Tab. 5.18). 
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Fig. 5.24 - Site V38: Zijderveld diagrams and Intensity plots. 
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AD 1714 (1906) Si t e V38 

Mmax = 5560 mA/m 

Mmax = 553 0 mA/m. 

Mmax = 5930 mA/m 

= 1000 mA/m 

O lOO 200 300 400 500 600 10O 

Step 

Fig. 5.25 - Site V38: Zijderveld diagrams and Intensity plots. 
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AD 1714 (190 6) site V38 

N K 

700 

Mmax = 5420 roA/m 

Fig. 5.26 - Site V38: Zijderveld diagrams and Intensity plots. 
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AD 1714(1906) site V38 

Sample Ol 
Steps Dec Ine M A D 
"D" 20/630 356 51.2 2.2 
"0" 20/630 356.4 51.2 1.1 
"D" 480/535 356.5 46.8 1.1 
"D" 535/580 355.8 52.8 0.9 
"D" 480/630 (*) 356.6 50.3 1.3 
"0" 480/630 (*) 356.6 50.6 08 
"D" 550/630 (*) 357.2 52.2 1.3 
"O" 550/630 (*) 356.8 51.6 1 
"D" 480/630 356.3 503 1.3 
"0" 480/630 356.6 50.6 0.9 
(*) erasing steps 595,610°C (a) 

Sample 03 
Steps Dec Ine M A D 
"D" 20/630 358.5 51.5 1.9 
"0" 20/630 358.9 51.4 1.1 
"D" 480/630 358.7 50.6 0.9 
"O" 480/630 359.2 50.7 0.7 
"D" 480/550 357.5 50 0.7 
"D" 565/610 358.6 48 3 
0» 

Sample 05 
Steps Dec Ine M A D 
"D" 20/630 358.7 52.6 2 
"O" 20/630 359.1 52.6 1.1 
"D" 480/630 359.4 52.1 1.2 
"0" 480/630 359.7 52.1 0.9 
(c) 

Sample 07 
Steps Dec Ine M A D 
"D" 20/610 359.9 52 2.9 
"O" 20/610 358.4 52.4 1.5 
"D" 520/610 (*) 356.6 53.3 1 
"O" 520/610 (*) 356.1 53 0.8 
(*) erasing steps 535,565°C (d) 

Sample 08 
Steps Dec Ine M A D 
"D" 565/630 359.3 51 2.4 
"O" 565/630 357.5 51.3 1.4 
"D" 500/565 354.2 48.9 1.7 
(e) 

Sample 09 
Steps Dee Ine M A D 
"D" 565/620 352.6 52.2 0.7 
"O" 565/620 352.5 52.1 0.5 
(*) erasing steps 580°C (f) 

Sample 11 
Steps Dec Ine M A D 
"D" 480/630 355.3 49.9 11 
"O" 480/630 355.6 50.2 0.9 
"D" 480/550 355.2 49.1 1.3 
(g) 

Sample 12 
Steps Dec Ine M A D 
"D" 520/630 354.3 54.6 0.8 
"O" 520/630 354.7 54.8 0.7 
"D" 520/630 (*) 354.2 54.6 0.8 
"O" 520/630 (*) 354.7 54.8 0.6 
(*) erasing steps 610,620°C (h) 

Tab. 5.12 - Site V38: Directional results calculated using principal component 
analysis (Kirschvink, 1980). 
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AD 1754 site V39 

Mmax = 5150 mA/m 

S c a l e = 1000 mA/m 

Mmax = 4280 mA/m 

S c a l e = 1000 mA/m 

Mmax = 4140 mA/m 

S c a l e = 10 0 0 mA/m 

Fig. 5.27 - Site V39: Zijderveld diagrams and Intensity plots. 
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AD 1754 site V39 

Mmax = 4760 mA/m 

S c a l e = 1000 mA/m 

Mmax = 5590 mA/m 

Mmax = 4 920 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.28 - Site V39; Zijderveld diagrams and Intensity plots. 

105 



AD 1754 site V39 

Fig. 5.29 - Site V39: Zijderveld diagrams and Intensity plots. 
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AD 1754 site V39 

Sample Ol 
Steps Dec Ine M A D 
"D" 520/595 309.8 65.4 1 
"0" 520/595 311.3 65.4 0.7 

(a) 

Sample 04 
Steps Dec Ine M A D 
"D" 565/610 345.8 67.7 2.9 
"D" 500/550 333.4 67.1 1.2 
"D" 440/550 (•) 329.5 66.4 1.7 
(*) erasing steps 480°C (b) 

Sample 05 
Steps Dec Ine M A D 
"D" 565/610 346.2 67 1.3 
"O" 565/610 345.8 65.7 0.8 
"D" 440/565 337.7 66.1 1 
(*) erasing step 500°C (c) 

Sample 06A 
Steps Dec Ine M A D 
"D" 565/610 . 350.4 61.6 2.7 
"D" 500/550 336.1 65.5 3.1 
(d) 

Sam ple06E 
Steps Dec Ine M A D 
"D" 565/620 341.1 64 1.3 
"0" 565/620 340.7 63.5 0.8 
"D" 520/565 337.7 63 1.6 

(e) 

Sample 09 
Steps Dec Ine M A D 
"D" 580/620 339.5 62.8 3.8 
"D" 500/565 335.5 65.5 2.4 
"D" 565/610 337.6 65.9 4.5 
"0" 565/610 336.6 67.1 1.6 
(f) 

Sample 11 
Steps Dee Ine M A D 
"D" 595/630 312.3 66.6 18 
"D" 460/565 308.4 63.3 2.3 
"D" 500/620 308.4 65.1 1.1 
"0" 500/620 307.8 65.4 0.8 
(g) 

Sample 14 
Steps Dee Ine M A D 
"D" 565/630 340.9 65.6 1.7 
"D" 480/565 330.8 65.8 1.3 
"D" 565/620 341.1 65.2 1.9 
(*) erasing step 50 •0°C (h) 

Tab. S.13 - Site V39: Directional results calculated using principal component 
analysis (Kirscbvink, 1980). 
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AD 1754 s i t e V40 

Mmax = 3890 itiA/m 

S c a l e = 1000 mA/m 

Mmax = 418 0 mA/m 

1 I Mn̂ a3c = 4120 _mA/m 

S c a l e = 1000 mA/m 

Fig. 5.30 - Site V40: Zijderveld diagrams and Intensity plots. 
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AD 1754 site V40 

Mmax = 4120 mA/m 

S c a l e = 1000 itiA/m 

Mmax = 3 8 50 mA/m 

Mmax = 38 2 0 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.31 - Site V40: Zijderveld diagrams and Intensity plots. 
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Fig. 5.32 - Site V40: Zijderveld diagrams and Intensit}' plots. 
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A D 1754 site V40 

(*) erasing step 580°C 
(**) erasing step 440°C 

Sample 01 
Steps Dec Ine M A D 
"D" 565/630 343.6 63.7 2.3 
"O" 565/630 342.4 65.4 2 
"D" 420/550 (*) 335.9 62.5 2 
"D" 565/610 344.8 63.9 2.6 
"D" 565/620 343.4 63.7 2.6 
(*) erasing step 50( )°C (a) 

Sample 05 
Steps Dec Ine M A D 
"D" 520/620 340.9 65.1 1.8 
"D" 500/620 342.9 64.7 1.8 
(b) 

Sample 06 
Steps Dec Ine M A D 
•D" 535/620 342.4 62.7 1.9 
"0" 535/620 342.9 63 1.1 
"D" 535/620 {*) 342.5 62.7 1.1 
"0" 535/620 (*) 342.4 63 0.7 
"D" 390/500 328.5 69.7 9.1 
"D" 390/500 (**) 326.7 69 5.5 

(c) 

(e) 

(f) 

Sample 07 
Steps Dee Ine M A D 
"D" 520/620 342.2 68.2 1.1 
"O" 520/620 342.5 68.2 0.7 
(d) 

SampleOS 
Stqps Dee Ine M A D 
"D" 520/620 342.2 68.2 1.1 
"O" 520/620 342.5 68.2 0.7 

Sample 10 
Steps Dec Ine M A D 
"D" 580/630 337.1 64.7 2:8 
"0" 580/630 336.7 66.4 1.8 

Sample 11 
Steps Dec Ine M A D 
"D" 520/620 345 65.4 0.7 
"0" 520/620 344.2 65.1 0.5 
(g) 

Sample 13 
Steps Dec Ine M A D 
"D" 580/630 351.3 61.9 2 
(h) 

Tab. 5.14 - Site V40: Directional results calculated using principal con^nent 
analysis (Kirschvink, 1980). 
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AD 1754 site V41 

Fig. 5.33 - Site V41: Zijderveld diagrams and Intensity plots. 
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AD 1754 site V41 

7 0 0 

Fig. 5.34 - Site V41: Zijderveld diagrams and Intensity plots. 

113 



AD 1754 site V41 

Fig. 5.35 - Site V41: Zijderveld diagrams and Intensity plots. 
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A D 1754 site V41 

Sample 02 
Steps Dec Ine M A D 
"D" 565/620 343.8 61.3 1.8 
"0" 565/620 343.4 61.5 1.1 
"D" 500/620 345.9 60.8 0.7 
"0" 500/620 345.6 60.8 0.6 
"D" 500/620 342.8 62.1 0.6 
"0" 500/620 342.3 62.1 0.5 
(a) 

Sample 06 
Steps Dec Ine M A D 
"D" 440/620 347.6 62.4 0.5 
"0" 440/620 347.5 62.5 0.4 

(b) 

Sample 07 
Steps Dec Ine M A D 
•D" 460/620 348.7 61 0.7 
"0" 460/620 348.4 61.1 0.5 
(c) 

Sample 08 
Steps Dec Ine M A D 
"D" 500/620 341.6 66.6 0.7 
"0" 500/620 341.5 66.6 0.5 
(d) 

Sample 09 
Steps Dec Ine M A D 
"D" 460/620 344.1 61.3 0.9 
"0" 460/620 343.7 61.4 0.7 
(e) 

Sample 11 
Steps Dec Ine M A D 
•D" 480/620 349.6 65.7 0.5 
"O" 480/620 349.2 65.7 0.4 
(f) 

Sample 12 
Steps Dec Ine M A D 
"D" 520/620 351.3 63.7 0.5 
"0" 520/620 (*) 350.7 63.7 0.5 
(*) erasing step 550 (g) 

Tab. 5.15 - Site V41: EHrectional results calculated using principal component 
analysis (Kirschvink, 1980). 
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AD 1760 site V32 

« H 

Sample Ol 

1 0 0 0 m A / m 

s US 

M m a x = 4 1 2 0 m A / m 

Sample 03 

= 1 0 0 0 m A / m 

s UP 

M m a x = 4 3 8 0 m A / m 

M m a x = 6 5 3 0 m A / m 

1 0 0 0 m A / m 

Fig. 5.36 - Site V32: Zijderveld diagrams and Intensity plots. 
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AD 1760 site V32 

Fig. 5.37 - Site V32: Zijderveld diagrams and Intensity plots. 
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AD 1760 site V32 

Sample Ol Sample 07 
Steps Dec Ine M A D Steps Dee Ine M A D 
"D" 550/630 345 65.3 1.3 "D" 460/630 343.5 60.4 0.8 
"0" 550/630 344.1 65.5 0.5 "0" 460/630 343.7 60.6 0.6 
(a) (cD 

Sample 03 
Steps Dee Ine M A D 
"D" 565/630 343.6 62.9 1.4 
(b) 

Sample 11 
Steps Dec Ine M A D 
"D" 550/630 343.9 61.4 1.7 
"O" 550/630 345 61.1 0.7 
(e) 

Sample 06 
Steps Dee Ine M A D 
"D" 480/595 336.2 64.8 1.2 
c) 

Sample 12 
Steps Dec Ine M A D 
"D" 535/630 (*) 341.5 68.8 1.2 
"0" 535/630 (*) 342.1 67.9 0.8 
(*) erasing step 580°C (f) 

Tab. 5.16 - Site V32: Directional results calculated using princqjal oonqxjnent 
analysis (Kirschvink, 1980). 
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AD 17 60 s±ÌD& V34 

Mmax = 3460 mA/m 

S c a l e = 500 mA/m 

Mmax = 3370 mA/m 

Mmax = 37 4 0 mA/m 

S c a l e = 1000 mA/m 

Fig, 5.38 - Site V34: Zijderveld diagrams and Intensity plots. 
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AD 1760 sxte V34 

S c a l e = 500 mA/m 

Mmax = 2990 itiA/m 

Mmax = 2 570 mA/m 

S c a l e = 500 mA/m 

Fig. 5.39 - Site V34: Zijderveld diagrams and Intensity plots. 
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AD 1760 site V34 

Sampie 01 Sample 04 
Steps Dec Ine M A D Steps Dee Ine M A D 
"D" 520/595 347.5 63.3 0.9 "D" 500/595 346.6 64 0.4 
"0" 520/595 347.2 63.6 0.7 "0" 500/595 346.7 64 0.4 
(a) (d) 

Sample 02 Sample 06 
Steps Dec Ine M A D Steps Dee Ine M A D 
"D" 520/595 344.7 60.1 0.4 "D" 480/565 343.1 59 1.1 
"0" 520/595 344.7 60.2 0.3 "0" 480/565 344 59.1 0.9 
(b) (e) 

Sample 03 Sample 11 
Steps Dec Ine M A D Steps Dee Ine M A D 
"D" 520/595 346.2 64.5 0.9 "D" 390/535 (*) 343.4 66.1 0.4 
"0" 520/595 346.2 64.5 0.6 "0" 390/535 (*) 344.4 66.1 0.4 
c) (*) erasing step 420°C (f) 

Tab. 5.17 - Site V34: Directional results calculated using principal compcment 
analysis (Kirschvink, 1980). 
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AD 1760 site V35 

Fig. 5.40 - Site V35: Zijderveld diagrams and Intensity plots. 
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AD 1760 site V35 

Mmax = 3320 mA/m 

7O0 
S t e p 

Fîg. 5.41 - Site V35: Zijderveld diagrams and Intensity plots. 

123 



AD 1760 site V35 

Fig. 5.42 - Site V35: Zijderveld diagrams and Intensity plots. 
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AJD 17 60 s±t:e V35 

Fig. 5.43 - Site V35: Zijderveld diagrams and Intenàty plots. 
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A D 1760 site V35 

0» 

(c) 

Sample 03 
Steps Dec Ine M A D 
"D" 535/620 345.6 599 1.6 
"O" 535/620 345.3 59.7 0.9 
(a) 

Sample 04 
Steps Dec Ine M A D 
"D" 550/630 351.3 65.4 1.5 
"O" 550/630 351.9 65.2 1 

Sample 05 
Steps Dec Ine M A D 
"D" 500/620 350.6 63.9 0.8 
"O" 500/620 349.9 63.9 0.6 

Sample 06B 
Steps Dec Ine M A D 
"D" 550/630 341.7 59.7 1 
"0" 550/630 341.5 59.9 0.7 

Sample 07B 
Steps Dec Ine M A D 
"D" 520/620 347.9 62 0.8 
"O" 520/620 347.5 61.8 0.6 
(e) 

Sample 08 
Steps Dee Ine M A D 
"D" 500/620 343.2 59.3 0.6 
"0" 500/620 343.1 59.2 0.4 

(*) erasing step 5 2 0 X 

Sam pie lOA 
Steps Dee Ine M A D 
"D" 520/620 337.2 59 0.6 
"0" 520/620 337.6 58.7 0.5 
(g) 

Sam pie lOB 
Steps Dee Ine M A D 
"D" 595/630 342.2 59.7 1.6 
"O" 595/630 342 59.5 0;8 
"D" 550/595 336.8 59 1.5 
(h) 

Sam pie I I A 
Steps Dec Ine M A D 
"D" 595/630 344 63.1 1.3 
"O" 595/630 344 63.2 0.7 
"D" 480/630 (*) 347.7 62.4 0.8 

(i) 

Sample 12 
Steps Dec Ine M A D 
"D" 595/630 345.1 65.9 1.1 
"0" 595/630 346.2 65.9 0.7 
"D" 520/630 348.5 65.2 1.4 
"0" 520/630 348.4 65.3 0.9 
a) 

Sample 13 
Steps Dec Ine M A D 
"D" 535/620 348.8 68.2 1 
"0" 535/620 347.6 67.9 0.7 

(Í) (m) 

Tab. 5.18 - Site V35: Directional i&xúts calculated using principal conqxmenl 
analysis (Kiiscfavink, 1980). 
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5.7-AD 1806 

5.7.1 - Site V24 

a) - Intensity Behaviour 

These 6 samples showed two diflferent sets of behaviour (Figs. 5.44, 5.45). Samples 04, 

06 and 07 had an highest initial N R M (around 3700 mA/m) and, by 565°C, had been 

completely demagnetized, generally with a very small tail above 535°C. This first group of 

samples showed a httle decreasing m intensity until 250-300°C (except 04 which had a 

significant linear decrease between 20-150°C) and showed an accelerating decrease in 

intensity terminating around 580°C. A significant deflection occurred around 460°C (except 

in 04), while minor irregularities occurred at different steps of temperatures. 

The second group (samples 09, 10 and 12) had a lowest mitial N R M around 2000 mA/m. 

These samples showed an almost linear decrease in mtensity until 535°, where a httle final 

tail look place. By 565°C they were completely demagnetized. Three clear breaks in the rate 

of decrease occurred: at 150, 360 and 480°C. 

b) - Directìonal Behaviour 

The two diflFerences in mtensity behaviour were also evident in the dù-ectional analyses. 

Sample 04, 06 and 07 showed a well defined high temperature component between 480 and 

565°C. The vertical vector, in ali the spectra, showed a hnear trend while the horizontal one 

always had a zigzag behaviour especially at low and medium temperatures. 

Samples 09, 10 and 12 showed a pooily defined component at low and medium 

temperatures. Starting fi-om 460°C these samples had both the declination and mchnation 

values moving away from the mam value. 

Although there was a clear difFerence in behaviour, the component analyses showed a 

imique group of dechnation and inclination values with a quite low M A O in ali the samples 

(Tab. 5.19). 
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5.7.2 - Site V25 

a) - Intensi ty Behaviour 

Al i these 6 samples had an initial N R M around 2500 mA/m and, by 580°C, had been 

completely demagnetized (Figs. 5.46, 5.47). They showed an almost linear decay 

terminating with a little tail at 550°C. Only samples 07, 08 and 09 showed a clear break at 

250°C followed by a quite concave curve. Some mmor irregularities occurred at different 

steps of temperature. 

b) - Directional Behaviour 

In almost ali the samples the horizontal vector showed an uncertain trend until 420°C, 

while the vertical vector was ahnost linear over ali the temperature steps. Visual analyses 

showed a poorly defined component especially at low and medium temperaturès with 

declination and dechnation values very shnilar for ali the samples (Tab. 5.20). 

At the highest temperature (above 500°C) ali samples had both the declination and 

inclination values moving away from the main value. 

5.8-AD 1839 

5.8.1-Site V42 

a) - Intensi ty Behaviour 

Al i 8 samples showed a very sunilar behaviour (Figs. 5.48, 5.49, 5.50). The mitial N R M 

was about 4500 mA/m and, by 620°C, was almost completely demagnetized (< 1%). A l i 

curves, startìng from 390°C, showed an accelerating decrease m mtensity with increasing 

temperature terminating with a small tail at 550°C. A very httle uregularity occurred at about 

560°C for samples 08A, 1OA and 12A. 

b) - Directional Behaviour 
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AU the samples showed a well defined high temperature component usually between 

440/500 and 595/620°C. Both vertical and horizontal vectors showed a hnear trend for ali 

samples, at medium and high temperatures, and a zigzag behaviour at low temperatures. 

Although some steps needed to be erased because of theu poor defiitìtion, ali samples 

showed a unique direction with a very low value of M A D In fact both declination and 

mchnation valúes were really consistent for ali the samples (Tab. 5.21). 

At the highest temperature (610 to 620°C) samples 01 A, 06A, 08 A and 13 A) had both 

the dechnation and inclination valúes moving shghtly away from the main value. 

5.8.2 - Site V43 

a) - Intensity Behaviour 

These 8 samples showed niamly a sunilar behaviour (Figs. 5.51, 5.52, 5.53): an mitial 

N R M around 5000 mA/m, an acceleratmg decrease in intensity starting around 330°C and, 

around 550°C, a little tail with a concave trend (sometimos hnear). 

Minor irregularities occurred m ali the samples around 560°C. 

b) - Directìonal Behaviour 

Al i the samples showed a well defined high temperature component usually between 

440/500 and 595/620°C. Both vertical and horizontal vector showed a hnear trend for ali the 

samples, above 500°C, and an uncertam behaviour at low temperatures. 

Both declination and mchnation valúes were very consistent for ali the samples (Tab. 

5.22), but in some samples few steps needed to be erased because of theù" poor definition. 

At the highest temperature (610 to 620°C) sample 08A had both the dechnation and 

inchnation valúes moving shghtly away from the main value. 
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5.83 - Site V44 

a) - Intensity Behaviour 

These 8 samples had an mitial N R M around 3000 mA/m, and by 565°C, had been 

completely demagnetized, but they showed an anomalous behaviour (Figs. 5.54, 5.55, 5.56). 

Samples 03A, 04B, OTA, 09A and 11A showed an almost linear decrease in intensity with a 

clear break (420°C) in the rate of decrease. A significant deflection also occurred at 500°C 

Samples 08a and 12A showed an mercase m mtensity until 150°C followed by an 

accelerating decrease until 500°C where a httle convex tail took place. They showed the 

same irregularities as the previous samples. 

Sample OÍA showed a linear decay untìl 250°C, a very zigzag behaviour until 440°C and 

again a hnear trend until the end. 

b) - Directìonal Behaviour 

The differences in intensity behaviour were stili evident in the directìonal analyses. In 

samples 01 A , 03A, 04B, 07A, 09A and 11 A, a vertical vector, in all spectra, showed a linear 

trend while the horizontal one always had a zigzag behaviour, especially at low and medium 

temperatures. Samples 08A and 12A showed a curving trend from the mitial N R M to 360-

390°C followed by an ahnost hnear trend until 565°C 

Although there were clear differences m behaviour and some steps needed to be erased 

because of then poor definition, the component analyses showed similarity m declination and 

mehnation valúes with an acceptable M A D for ali the samples (Tab. 5.23). 
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AD 1806 site V24 

Mmax = 3590 mA/m 

S c a l e = 500 mA/m 

Mmax = 4050 mA/m 

Mmax = 3700 mA/m 

S c a l e = 500 mA/m 

Fig. 5.44 - Site V24: Zijderveld diagrams and Intensity plots. 
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AD 1806 site V24 

Fig. 5.45 - Site V24: Zijderveld diagrams and Intensity plots. 
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A D 1806 site V24 

Sample 04 
Steps Dec IIK; M A D 
"D" 5 0 0 / 565 350 .2 58 .2 0.8 

"0" 5 0 0 / 565 349.5 57.5 0.9 

"D" 4 8 0 / 5 3 5 348 .4 58 .2 1.4 

"0" 4 8 0 / 5 3 5 348 .6 57 .7 0.6 

(a) 

Sample 06 
Steps Dec Ine M A D 
"D" 5 0 0 / 5 6 5 347 .2 56 .7 0.8 

"0" 5 0 0 / 5 6 5 346.5 56 .9 0.7 

(b) 

Sample 07 
Steps Dec Ine M A D 
"D" 5 0 0 / 5 6 5 349 .4 59.4 0.8 

"O" 5 0 0 / 5 6 5 348 .9 5 9 0.7 

"0" 4 8 0 / 565 (*) 347 .6 5 9 0.7 

"D" 4 8 0 / 565 (*) 347.8 59.4 0.8 

Sam pie 09 
Steps Dec Ine M A D 
"D" 20 /565 346 .7 6 0 2 .9 

"O" 20 /565 346.8 58.1 2.4 

"D" 150/360 353.4 56 .9 2 .6 

"D" 2 0 / 4 4 0 347; 1 59 .6 2 .4 

"D" 2 0 / 4 4 0 (*) 3 4 6 59 .9 1.6 

"O" 2 0 / 4 4 0 (*) 3 4 6 58.6 0.7 

(*) erasing steps 150 ,390 ' 'C (d) 

Sam pie 10 
Steps Dec Ine M A D 
"D" 1 5 0 / 4 4 0 3 5 6 60.1 4 .4 

"D" 1 5 0 / 5 0 0 ( * ) 354 .7 6 1 . 6 3.6 

"0" 1 5 0 / 4 4 0 351.8 58.1 1.7 

"0" 1 5 0 / 4 2 0 3 5 2 58 .2 1.4 

(*) erasing step 4 6 0 ° C 

(•) erasing steps 4 6 0 , 5 0 0 ° C 

(e) 

Sam pie 12 
Steps Dee Ine M A D 
"D" 1 5 0 / 5 5 0 348 .2 56 .5 3.5 

"D" 3 9 0 / 5 5 0 ( * ) 347 .6 55.5 2 

"D" 3 9 0 / 5 3 5 ( * ) 348.3 5 6 1.9 

(f) 
(*) erasing step 5 0 0 ° C (c) 

Tab. 5.19 - Site V24: Directional results calculated using jmndpal conqxment 
analysis (Kirschvink, 1980). 
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AD 1806 site V25 

Mmax = 2610 mA/m 

S c a l e = 500 mA/m 

Mmax = 2480 mA/m 

S c a l e = 500 mA/m 

Fig. 5.46 - Site V25: Zijderveld diagrams and Intensity plots. 
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AD 1806 site V25 

Fig. 5.47 - Site V25.- Zijderveld diagrams and Intensî  plots. 
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A D 1806 site V25 

Sample 03 
Steps Dec Ine M A D 
"D" 330/ 500 350.2 59.6 3.4 
(a) 

Sample 08 
Steps Dec Ine M A D 
"D" 250/420 348.3 59.3 2.9 
(d) 

Sample 05 
Steps Dee Ine M A D 
"D" 20/500 344.2 55.3 3.6 
0» 

Samirie 09 
Steps Dec Ine M A D 
"D" 20/500 347.3 59.6 2.7 
(e) 

Sample 07 
Steps Dee Ine M A D 
"D" 250/420 348.3 59.3 2.9 
c) 

Sample 11 
Steps iDec Ine M A D 
"D" 360/565 (*) 1345.9 53.2 3.1 
(*) erasing step 440°C (f) 

Tab. 5.20 - Site V25: Directional results calculated using principal conqwnent 
anafysis (Kirschvink, 1980). 

136 



AD 1839 site V42 

Fig. 5.48 - Site V42: Zijderveld diagrams and Intensity plots. 
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AD 1839 site V42 

Mmax = 4550 mA/m 

10 00 mA/m 

Mmax = 4950 mA/m 

Mma.x = 45 8 0 mA/m 

= 10 00 mA/m 

Fíg. 5.49 - Site V42: Zijderveld diagrams and Intensity plots. 
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AD 1839 site V42 

Fig. 5.50 - Site V42: Zijderveld diagrams and Intensity plots. 
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A D 1839 site V42 

(*) erasing step 500°C 

Sam pleOlA 
Steps Dec Ine M A D 
"D" 580/620 357.3 55.5 0.4 
"D" 520/620 355 57 1.2 
"0" 520/ 620 354.5 56.7 1 
(*) erasing steps 48 0°C (a) 

Sam ple02A 
Steps Dec Ine M A D 
"D" 550/620 349.3 56.3 1.2 
"0" 550/ 620 349.2 55.9 0.8 
"D" 500/ 580 344.5 58.3 1.6 
"D" 500/ 620 344.7 581 1.4 
"0" 500/620 345.2 57.7 1.2 

Sam ple08A 
Steps Dee Ine M A D 
"D" 550/ 620 350.2 55.7 3.3 
"O" 550/620 350 54.6 1.9 
"D" 500/ 550 341.4 58.2 2.8 
"D" 520/ 620 (*) 346 55.7 1.2 
"0" 520/ 620 (*) 346.7 55.5 1 
(*) erasing step 55( rC (e) 

Sam pie lOA 
Steps Dee Ine M A D 
"D" 520/ 595 350.2 58.1 1.4 
"0"520/595 350.6 57.3 1.1 
"D" 460/ 595 (*) 349.2 57.7 0.9 
"0" 460/ 595 (*) 349.7 57.3 0.7 

(b) (*) erasing step 500°C (f) 

Sam ple04A 
Steps Dee Ine M A D 
"D" 565/ 620 354.2 56.9 0.9 
"0" 565/ 620 353.3 56.2 0.8 
"D" 520/ 620 353.5 57.6 0.9 
"O" 520/620 353.5 57.2 0.8 
•'D"440/620(*) 353.9 57.1 0.8 
"0" 440/620 (*) 353.9 57 0.6 
(*) erasing step 500°C (c) 

Sam ple06A 
Steps Dee Ine M A D 
"D" 520/ 620 353.2 57.2 0.7 
"0" 520/ 620 352.4 56.9 0.8 

(e) 

Sam 9le 12A 
Steps Dec Ine M A D 
"D" 550/ 610 351.3 57.9 0.7 
"O" 550/610 351:1 57 0.7 
"D" 480/ 550 344 58 3.4 
"D" 480/610(*) 346.9 58.1 1.4 
"O"480/610(*) 347.6 57.7 0.9 
(*) erasing step 550°C (g) 

Sam pie 13A 
Steps Dec Ine M A D 
"D" 580/610 351.8 46.5 2.9 
"0" 580/610 350.5 49.2 2.5 
"D" 535/ 580 343.7 57.5 2.4 
"D" 535/610 345.3 56 2;4 
"0" 535/ 610 346.1 55.1 1.7 
"D" 550/ 610 (*) 347.1 56.3 1.4 
"0" 550/610(*) 347 55.8 1 
(*) erasing step 58< rc (h) 

Tab. 5.21 - Site V42: Directional results calculated using principal component 
analysis (Kirscfavink, 1980). 
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AD 1839 s±t:e V43 

Mmax = 4950 mA/m 

S c a l e = 1000 mA/m 

Mmax = 4940 mA/m 

Mmax = 5370 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.51 - Site V43: Zijderveld diagrams and Intensity plots. 

141 



AD 1839 s±t:e V43 

Mmax = 5240 mA/m 

S c a l e = 1000 mA/m 

Mmax = 4700 mA/m 

Mmax = 4450 mA/m 

S c a l e = 1000 mA/m 

Fig. 5.52 - Site V43: Zijderveld diagrams and Intensity plots. 
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AD 1839 s±te V43 

Mmax = 52 90 mA/m 

S c a l e = 1000 mA/m 

Mmax = 49 4 0 mA/m 

1000 mA/m 

Fig. 5.53 - Site V43: Zijderveld diagrams and Intensity plots. 
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A D 1839 site V43 

Sam DleOlB 
Steps Dec Ine M A D 
"D" 550/620 347.3 56.1 1.5 
"0" 550/ 620 346.6 56.2 0.9 
"D" 500/ 550 344 53.5 2.5 
"D" 500/620 344.8 54.9 1.4 
"0" 500/620 345.1 55.3 0.9 

(a) 

Sam [>le03A 
Steps Dec Ine M A D 
"D" 580/ 620 351.5 60.6 2.4 
"O"580/620 350.6 59.4 1.9 
"D" 520/ 580 346.1 56.8 1.9 
"D" 520/620 (*) 346.9 57.7 1.3 
"0" 520/ 620 (*) 347.2 57.6 0.8 
(*) erasing step 580°C (b) 

Sam ple04A 
Steps Dec Ine M A D 
"D" 500/ 610 349.9 53.2 1.3 
"0" 500/610 349.5 54 1.1 
"D" 550/ 610 348 56 2.1 
"0" 550/610 348.2 55.9 1 
(c) 

Sam ple06A 
Steps Dec Ine M A D 
•D" 550/ 620 348.6 55.8 2.2 
"O" 550/620 348.5 56 1.3 
"D" 500/ 620 (*) 349.7 56.5 1 
"0" 500/ 620 (*) 349.4 56.4 0.7 

Sain ple07A 
Steps Dec Ine M A D 
"D" 550/ 620 349 56.1 1.8 
"O" 550/ 620 347.6 56.6 1.1 
"D" 500/620 (*) 347.5 56.8 0.6 
"0" 500/620(*) 347.3 56.9 0.5 
{*) erasing step 535°C (e) 

Sam pIe08A 
Steps Dee Ine M A D 
"D" 580/ 620 349.6 54.5 2.1 
"O" 580/620 347.5 54.3 1.3 
"D" 500/620 345.3 55.9 1.1 
"0" 500/620 345.4 55.8 0.8 
if) 

Sam ple09B 
Steps Dec Ine M A D 
"D" 580/620 350.4 54.7 1.3 
"0" 580/ 620 348.2 55 1 
"D"500/620(*) 348.4 55.9 0.7 
"O" 500/620 (*) 348.2 55.8 0.5 
(*) erasing steps 535,575°( : (g) 

Sam pie 12A 
Steps Dec Ine M A D 
"D" 520/ 620 345.6 58.9 1 
"O" 520/ 620 345.5 58.5 0.8 

(*) erasing step 535°C (d) (*) erasing step 580°C 

Tab. 5.22 - Site V43: Directional results calculated using principal conq»nent 
analysis (Kirschvink, 1980). 
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AD 1839 site V44 

Mmax = 2 93 0 mA/m 

S c a l e = 500 mA/m 

Mmax = 3210 mA/m 

Mmax = 3 470 mA/m 

S c a l e = 500 mA/m 

Fig. 5.54 - Site V44: Zijderveld diagrams and Intensità' plots. 
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AD 1839 site V44 

Fig. 5.55 - Site V44: Zijderveld diagrams and Intensity plots. 
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AD 1839 site V44 

Fig. 5.56 - Site V44: Zijderveld diagrams and Intensity plots. 
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A D 1839 site V44 

Sample OÍA 
Steps Dec Ine M A D 
"D" 500/565 348.7 39.7 3.5 
"D" 150/480 344.8 61.1 4.4 
"D" 250/480 (*) 348.6 61.8 3.1 
(*) erasing steps 300,330,360°C (a) 
(*) erasing steps ,420,440°C 

Sample 03A 
Steps Dec Ine M A D 
"D" 480/ 565 346.3 49.3 3.4 
"D" 20/ 460 348.4 58.4 4.8 
"D''250/440(*) 346.3 57.9 2.6 
(*) erasing steps 360,420°< : (b) 

Sam ple04B 
Steps Dec Ine M A D 
"D" 480/ 565 347.9 59.4 2.5 
"D" 480/ 550 347.5 60.3 2.1 
"D" 250/480 347.9 62.1 2.5 
"D" 420/ 550 344.5 62.4 1.3 
(c) 

Sample 07A 
Steps iDec Ine M A D 
"D" 100/ 520 I35O.2 58.3 2.7 

Sam plé08A 
Steps Dec Ine M A D 
"D" 460/ 520 340.1 56.1 4 
"D" 360/ 520 (*) 340.7 60.9 2.6 

(g) 

(*) erasing steps 390,440°C (e) 

Sam ple09A 
Steps Dec Ine M A D 
"D" 420/ 565 343.4 57.8 1.2 
"D" 390/ 520 (*) 344.2 59.6 1.1 
(*) erasing step 420°C (f) 

Sam pie I I A 
Steps Dec Ine M A D 
"D" 520/620 351.3 63.7 0.5 
"0" 520/620 (*) 350.7 63.7 0.5 

Sam pie 12A 
Steps Dee Ine M A D 
"0" 440/ 565 (*) 345.1 58.7 1.9 

(d) (*) erasing step 480, 550°C (h) 

Tab. 5.23 - Site V44: Directional results calculated using principal conqxment 
analysis (Kirsdivink, 1980). 
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Chapter VI 

T H E I X I E R P A L A E O I N T E N S I T Y P R O P E R H E S 

6.1 - Introdttction 

In this chapter ali the results obtaìned from the M T T ejqjeriment (section 3.4a) will he 

analysed and descrìbed usìng Zijderveld diagrams, Intensity plots and stereographic 

projections. 

Intensity - A complete description of its general behaviour throughout the experiments 

will be given together with the initial and final N R M values. Anomahes and significant 

Tub will also be pouited out. 

Directions - Both vertical and horizontal components will be pecuharly analysed, 

pomting out break points and anomahes. 

Palaeointensity results - As descrìbed m section 3.4, tests for magnetic alto-ation 

during «qjeriments are normally carried out in Thelher-type methods and pTRM checks 

are used to identify the ten^erature at which alteration starts. Furthermore comparìsons 

between the intensity and direction obtained fi^om the first thermal demagnetization at Tj 

and those obtained fi-om the second, again at Tj, can be usefìil to check fi^r M D 

remanence or C R M growth. For this study (see the stringent ejq)erimental procedme 

adopted descrìbed m section 3.4a) pTRM checks bave been praformed fot each 

temperature steps used. Because of the large nmnber of information obtained fi"om steps 

C and D of the M T T experiment (respectively demag2 and pTRMck) and because of the 

difficulty of display ali of them in a conventional N R M / T R M plot, a different way to use 

and display the p T R M checks will be adopted. Steps C and D will be used to get another 

estimate of the palaeofield while, taken singularly, they will stili gjve mformation about 

the onset of the alteration and on the presence of M D or C R M remanrace. In other words 

the p T R M checks data will be also used to calculate a "backup" field intensity. The 

palaeofield vahie obtained fi-om the first two steps of the M T T experiment (A-demagl 

and B-pTrm) will be considered as prìncipal vahie. It will be used as a guide when 

detecting the palaeofield from the other two steps (C-demagl and D-pTRmck), 
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especially when more then one slope is present. However all the possible slopes will be 

reponed in a table with the relativo temperature ranges and statistical parameters. Any 

anomalous point on the N R M / T R M plots wül be excluded from the computation of the 

palaeomtensity, provided that they also appear to be clearly ÜTegular on the N R M 

demagnetization and T R M acquisition curves. The first two steps of the M T T experiment 

will be referred to as M T T (A-B) while the otha- two will be M T T (C-D). 

6.2 - AD 79 - AD1631 

6.2.1 - Site V30 

A-Demagl 

Intensity Behaviour - Saní)le 8 had an mitial >ÍRM of 2660 mA/m but, by 595 °C, 

was not completely denu^etized (Fig. 6.1). It showed a smooth decrease m mtensity all 

over the spectra, with no tail at the end, and some 10% of the original remanence still 

remained. Some small hregularities occurred aroimd 500 and 565°C. 

Directional Behaviour - Both vertical and horizontal components moved towards the 

origin (although they did not reach it), with a very linear trend especially above 360°C. 

Mmor anomahes occurred around 300°C (Fig. 6.1). 

B-pTRM 

Intensity Behaviour - The sample showed a hnear decrease from 2600 to 1780 mA/m 

(500°C), with a smaü deflection at 300°C. From 500 to 595°C it showed a zigzag 

behaviour without any significan! increase or decrease in intensity. At the end of the 

process the intensity was 1750 mA/m (Fig. 6.1). 

Directional Behaviour- The vertical component moved gradually downwards from 

the N R M duection starting from the first steps. The horizontal component showed an 

unclear hnear trend towards the origin. The stereo plot showed an uimiistakable gradual 

movement of the Inc toward 90° as a consequence of gradually removing the N R M and 

progressively ^plying a T R M along the z-axis (Fig. 6.1). 
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Palaeointensity results front A-B - The N R M / T R M plot showed a unique slope 

(Fig.6.2a) therefore one posable value of the palaeofield was determined (Tab. 6.1). 

Both N R M demagnetization and T R M acquisition curves (Figs 6.2b,c) did not show any 

particular irregularities. 

C-Dentag2 

Intensity Behaviour - In this second demagnetization the sample behaved almost 

exactly the same as in Demagl. It showed an initial N R M of 2660 mA/m and by 595°C 

it was not completely demagnetized; a smooth decrease in intensity all over the spectra, 

with no tail at the end; some 10% of the original remanence still remained. A small but 

clear irregularity occurred at 565°C (Fig. 6.3a). 

Directioncd Behaviour - Both vertical and horizontal components behaved as in 

Demagl. Only the vertical component showed a significant deflection downward at 

565°C. The stereo plot xmderhned the same hregularity with a clear movement of Ine 

toward 90° (Fig. 6.3a). 

D-pTRMck 

Intensity Behaviour - The initial intensity was 2560 mA/m at 100°C. There was a 

steep decrease from this temperature to 150° followed by a v a y shallow one until 300°. 

From this pomt, to 500°C, the behaviour was the same as in the pTRM. A clear mcrease 

occurred between 520 and 550° followed by a decrease until 580°C. The final mtensity 

was 1650 mA/m (Fig. 6.3b). 

Directional Behaviour - Vertical and horizontal con̂ Kments showed an unclear trend 

imtil 520°C wiien a significant deflection, towards the Nortii, occurred. This was fijllowed 

by a random behaviour. In general boüi compwiaits moved downward and westward, 

respecüvely. The stereo plot showed, as ejqjected, a graduai movement of Ine toward 90° 

but also a clear deflecticm of Dee at 520°C (Fig. 6.3b). 

Palaeointensity results from C-D - TTie N R M / T R M plot showed a shghüy concave curve 

(Fig. 6.4a). Two different slopes were considered (Tab. 6.2) plus anoAer one excluding two 

points wtóch ^ea red anomalous on both N R M and T R M curves (Fig. 6.4b,c). 
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AD 79-1631 sample V30.8 
A - D e m a g l B - p T R M 

N N 

S c a l e 500 mA/m S c a l e 5 00 mA/m 

Mmax = 2 660 mA/m Mmax = 2 690 mA/m 

o lOO 2 0 0 3 0 0 4 0 0 SOO 
S t e p 

Fig. 6.1 - Site V30: Zijderveld diagrams. Intensity and stereo plots. 
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V30.& NRM TIUS 
steps (A/m) (A/m) 

20 2.662 0.000 
100 2.62B 0.000 
150 2538 0.071 
250 Z217 0.305 
300 1.978 0.553 
330 1.844 0.588 
360 1.708 0.668 
390 1.563 0.716 
420 1.395 0.769 
440 1.270 0.870 
460 1.127 0.949 
480 0.994 1.009 
500 0.836 1.144 
520 0.708 1.307 
535 0.557 1.264 
550 0.453 1.512 
5fô 0.432 1.486 
580 0.327 1.496 
595 0.278 1.549 

a) 

MTT (A-8) - AD 7» .1631 • Saïqiie V30.8 

0.5 1.0 1.5 
TRM(A/m) 

2.0 

aample Tempre) H f a 9 b R* Fpataeo(fiV Oh 
V30.8 150-595 17 0.649 0.924 24.607 -1.574 0 . ^ 78.718 0.050 

Fig. 6.2 - Site V30: a)NRM/TRM plot and respective values, b)NRM demagnetization and 
c)TRM acquisition curves. 
Tab. 6.1 • Site V30: Palaeofîelds estimated and statistical parameters 
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AD 7 9-1631 sample V30.8 
C - D e m a g 2 D - p T R M c k 

Fig. 6.3 - Site V30: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
NRM TRM 

steps (/üm) (A/m) 
20 O.OX) 0.000 
100 0.000 0.000 
150 2.550 0.331 
250 2220 0.2» 
300 2010 0.440 
330 1.810 0.505 
360 1.690 0.582 
390 1.540 0.610 
420 1.370 0.678 
440 1.240 0.753 
460 1.110 0835 
480 0990 0.931 
500 0.815 I.ICS 
520 0.660 1.232 
535 0.5^ 1.404 
550 0439 1.5CK 
565 0451 1.362 
580 0.321 1.425 
595 0.000 0.000 

a) 

2.5 

2.0 

'=4.5 

S 
Íi.o 

0.5 

0.0 

MTT (C4)) • AO 79 -1631 - Sample V30.8 

0.0 0.5 1.0 1.5 2.0 

TRM(Aftn) 

2.5 3.0 

sampfe N f g 1 b Fpalaeo(MT) ob 
V30.8 [a] 250 - 48} 9 0.482 0.869 8.670 -2.092 0.982 104.619 0.101 

[b] 440 - 580 9 0.360 0.848 4.192 -1.175 0.963 58.̂ 8 acse 
250 - 580 13 0.745 0.913 14.401 -1.646 0.976 82.319 0.078 

2f 

'exctiitfir̂  535,550 (empty (SamondB) 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

NRM-sample V30-8 

200 400 600 

Temperature (°C) 
800 

9.0 

8.0 

7.0 

^ 6 . 0 

5 5.0 

^ 4 . 0 

J 
S 2.0 

1.0 

0.0 

TRM-Sample V30-8 

200 400 
Temperataire (°C) 

600 800 

C) b) 

FIg. 6.4 - Site V30: a)NRM/TRM plot and respective vahí^, b)NRM demagnetization and 
c)TRM acqusitíon corves. 
Tab. 6.2 - Site V30: Palaeofields estimated and statistical parameters 
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6.2.2 - Site V36 

A-Demagl 

Intemity Behaviour- Sample 17 had an initial N R M of 7080 mA/m and, by 595°C, was 

almost completely demagnetized (< 2%). The intensity decay had an accelerating 

decrease with increasmg temperatm-e terminating with a very small tail. An anomalous 

mcrease (about 1500 mA/m) occurred at 565°C (Fig. 6.5). 

Directìonal Behaviour - The vertical component moved toward the origin with a very 

hnear trend but showed a significant deflection downwards at 565°C. The same 

hregularity was clear in the stereo plot, which showed the Ine moving toward 90° at 

565°C. The horizontal eomponent showed a linear trend especially above 460°C, and 

moved elearly toward the origjn (Fig. 6.5). 

B-pTRM 

Intensity Behaviour - The sample had a decrease trend, from 7020 to 2340 mA/m 

(535°C), very shnilar to that described in Demagl except for a clear deflection at 390°C. 

From 535 to 595°C it showed a zigzag behaviour with very significant inereases and 

deereases m mtensity (about 2600 mA/m). At the end of the proeess the mtensity was 

4220 mA/m (Fig. 6.5). 

Directional Behaviour - The horizontal component showed a moderately hnear trend 

towards the origm but without reaehmg it. The vertical one moved almost Hnearly 

northwards until 520°C, except for an upward deflection at 390°C. Another upward 

deflection occurred at 535°C followed by a zigzag behaviour until the end of proeess. 

The Stereo plot showed the usuai movement of the Ine toward 90° but with a noticeable 

jump at 520°C (Fig. 6.5). 
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Palaeomtetìsity resalís from A-B - The N R M curve showed an anomalous behaviour 

at 565°C (Fig. 6.6b) while the T R M one showed a zigzag trend above 520°C (Fig. 6.6c). 

Two distinct slopes were showed by the N R M / T R M plot (Fig. 6.6a) excluding two 

cleariy irregular points (Tab. 6.3). 

C'Demag2 

Intensity & Directìonal Behaviour -In this second demagnetization, the sample 

behaved in exactly the same way as in Demagl (Fig. 6.7). 

D-pTRMck 

Intensity Behaviour - The mtensity decreased from 7030 to 2210 mA/m (500°C), 

similarly to Demagl, but with a small deflection at 300°C. From 500 to 550°C rt showed 

a significant increase (about 2600 mA/m) followed by a small decrease until 580°C. The 

final intensity was 4030 mA/m (Fig. 6.7). 

Directìonal Behaviour - The horizontal component showed a Hnear trend towards the 

origin but without reach h. The vertical one moved almost hnearly northwards until 

480°C when a significant upward deflection occurred. After this point it moved 

downward until 550°C. The stereo plot showed an irregular movement of the Ine toward 

90° (Fig. 6.7). 

Palaeointensity resultsfrom D-C - Some pomts above 520°C which appeared irregular 

m ali the curves (Fig. 6.8a,b,c) were not considered. The N R M / T R M plot showed a very 

unreadable behaviour and several possibles slopes were considered (Tab. 6.4). 
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AD 79-1631 
A - D e m a g l 

sample V36.17 
B - p T R M 

S c a l e 1000 mA/m 

Mmax = 7080 mA/m Mmax = 7020 mA/m 

Fig. 6.5 - Site V36: Zijderveld diagrams. Intensity and stereo plots. 
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MIT (A-B) 
V36,17 NRM TRM 
steps (Aftn) i^) 

20 7.080 0.000 
1(X) 7.000 0.000 
150 6.970 0.130 
250 6.690 0.311 

6.520 0.388 
330 6.310 0399 
3B0 5.980 0.409 
390 5.650 O500 
420 5.290 0615 
440 4.950 0.687 
460 4.610 1.017 
480 4.0«) 
500 3.570 1.110 
520 2.780 1.556 
535 1.760 0.831 
550 0.923 3.7:^ 
565 2120 2 3 » 
580 0.416 1.429 
595 0.243 4.047 

a) 

MTT (A-B) - AD 79 -1681 - Sampte V38.17 

2.0 3.0 
TRM (Aftn) 

5.0 

sample Trm§eC) N f S b Fpalaeo(MT) 
V36.17 150 - 520 12 0.945 0.958 14.076 -3.210 0.959 160.485 o.2œ 

•500 - 595 5 0470 0.184 i;i74 -1.042 0.984 52090 0.077 

9.0 

8.0 

7.0 

E 6.0 

I" 
"S 4.0 

• | 3.0 

~ 2.0 

1.0 

0.0 

*e)aducSr̂  535,580 {empti cSamonds) 

NRM-sampie V36.17 

0 100 200 300 400 500 600 700 
Tempmture (°C) 

9.0 

8.0 

7.0 

TRM - Sample V36.17 

100 200 300 400 
Tonperature fC) 

500 600 700 

b) C) 

Fig. 6.6 - Site V36: a)NRM/rRM plot and respective values, b)NRM demagnetizaiion and 
c)TRM acquisition curves. 
Tab. 63 - Site V36: Palaeofîelds estimated and statistical parameters 
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AD 79-1631 sample V36.17 
C - D e i n a g 2 D - p T R M c k 

M K 

Co r-e 
C o o i r c i i n a t es 

Fig. 6.3 - Site V36: Zijderveld diagrams. Intensity and stereo plots. 
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1 MIT (D-G) 
NRM TRM 

steps (Aim) (Aftn) 
0.000 0.000 

1(» 0.000 O.OX) 
150 7.020 0.389 
250 6.590 0.229 
300 6.430 0266 
330 6.220 0.384 
360 5.9Z) 0.566 
390 5.570 0.661 
420 5.170 0456 
440 4.840 0638 
460 4.490 0 . ^ 
480 3.960 0881 
500 3.190 1.458 
520 2570 1.424 
535 1.590 2595 
550 0.884 3.885 
565 2930 1.231 
580 0.407 3.804 
595 O.CX» 0.000 

a) 

8.0 

7.0 • 

6.0 -

5.0 • 

3.0 

2.0 

1.0 

0.0 

MTT (t«:) - AD 79 -1831 - SanfOe V38.17 

v V r 1 
[565"q « A X 

0.0 1.0 2.0 3.0 
TRM(AAn) 

4.0 5.0 

sanias N f 9 1 b Fpalaeo(ftT) Oò 
V36.17 "la] 420 - 535 6 0.510 0.714 4.409 -1.682 0.982 84.088 0.139 

[b] 250 - 520 11 0.573 0.881 5.104 -3.185 0975 159.2Z7 0.315 
nc ]»o -5a ) 14 0.881 0.905 8.154 -1.679 0.889 83.933 0164 
ìd] 500-50) 5 0.396 0.733 1.811 -0.959 0.924 47.970 0154 

*exclucfir^5^ 
**fficdudir̂  520 

9.0 

8.0-

7.0 • 

J 6.0-

g 5 . o J 
«9 4.0 

^ 3.0 

~ 2.0 

1.0 

0.0 

NRM-sample V36.17 

0 100 200 300 400 500 600 700 
Temperature (X) 

TRM-Sample V36.17 

0 100 200 300 400 500 600 700 
Tempinature {*C) 

b) c) 

Fig. 6.8 - Site V36: a)NRM/TRM plot and re^tive valúes, b)NRM demagnetizatioai ami 
c)TRM acquisiti(m curves. 
Tab. 6.4 - Site V36: Palaeofieids estimated and statistìcal parameters 
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6.2.3-Site V37 

A-Demagl 

Mensity Behaviour - Initial N R M for the sample 9B was 6330 mA/m and, by 595°C, 

had been demagnetized almost completely. It showed an accelerating decrease in 

intensity with increasing temperature starting from 150-250°C and terminating with a 

small tail (Fig. 6.9). A clear increase occurred at 565°C (about 1600 mA/m). 

Directional Behaviour - Both vertical and horizontal components moved towards the 

origin with a very linear trend especially above 390°C. The vertical component showed a 

single downward marked excursión at 565°, followed the previous trend (Fig. 6.9). 

B-pTSM 

Intensity Behaviour - The decreasmg trend, from 6330 to 1330 mA/m (535°C), was 

sünilar to Demagl, except for a more linear decay between 150 and 330°C. From 535 to 

595°C the intensity showed altemated significant increases and decreases (about 2300 

mA/m). When the process ended, the intensity was 2620 mA/m (Fig. 6.9). 

Directional Behaviour - The horizontal component moved toward the origin with a 

linear trend, but at 565 and 580°C it showed a small deflection northward. The vertical 

component moved gradually away from the N R M dh-ection until 565° when a marked 

spike occurred. The same anomaly was underhned by the stereo plot (Fig. 6.9). 

Palaeointensity results from A-B - In the N R M / T R M plot some clear irregular pomts 

above 535°C, which also appeared in both N R M and T R M curves, were excluded (Fig. 

6.10a,b,c). The different estimates of the palaeofíeld were considered (Tab. 6.5). 

C-Denuig2 
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Intensity & Directional Behaviour - This second demagnetization showed the same 

behaviour as in Demagl, but the spike at 565°C had a more significant North direction 

contribution (Fig. 6.11). 

D-pTRMck 

Intensity Behaviour - From 6300 to 2370 mA/m (500°C) the decreasing trend was 

smiilar to Demagl, except for a marked decrease at 460°C. From 500 to 550°C the 

mtensity showed an mercase followed by a small decrease until 595°C. At the end the 

mtensity was 2760 mA/m (Fig. 6.11). 

Directional Behaviour - The horizontal component moved toward the origin with a 

linear trend until 500°C. After this it started to move northwards with a small deflection at 

550°C. The vertical component moved gradually away from the N R M dúection until 460° 

when a marked upwards spike occurred (Fig. 6.11). 

Palaeointensity results from D-C - As in M T T A - B , two slopes were defined (Fig. 

6.12a), but some pomts, which were considered hregular on the T R M curve, were 

excluded (Tab. 6.6). 

6.2.4 - Site V27 

A-Demagl 

Intensity Behaviour - Sample 11 had an mitial N R M around 6220 mA/m and, by 

595°C, had been demagnetized ahnost completely (< 5 remained), with a final steep decay 

above 535°C (Fig. 6.13). It showed a marked decrease at 100°C (about 1500 mA/m) 

fiallowed by a smooth decrease untü 535°C with two olear breaks at 400 and 480°C. 

Directional Behaviour - Both vertical and horizontal componerrts moved towards the 

origm with a very hnear trend especially above 460°C (Fig. 6.13). 
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B-pTRM 

Intensity Behaviour - TWs showed a curving decay from 100 (4790 mA/m) to 440°C 

with a little deflection at 250°. Two clear breaks occurred at 440 and 535 C° both 

followed by a small increase and then an accelerating decrease in intensity. When the 

process ended, the intensity was 2580 mA/m (Fig. 6.13). 

Directional Behaviour - The vertical component moved gradually away from the 

N R M direction while the horizontal one moved toward the origin with a very hnear trend. 

On the Stereo plot the Dee was Constant, while the Ine moved toward 90°, as expected 

(Fig. 6.13). 

Palaeointensity results from A-B - The N R M / T R M plot showed a concave curve (Fig. 

6.14a). Two different slopes were considered (Tab. 6.7) plus another one excluding 

points which appeared anomalous also on the T R M curves (Fig. 6.14e). 

C-Demag2 

Intensity Behaviour - It showed an accelerating decrease from 150°C (4670 mA/m) 

with a clear break m the trend at 480°C. At the end it showed a httle concave tail and at 

595° there was some 9% of N R M stili remainmg (Fig. 6.15). 

Directional Behaviour - The sample behaved exactly in the same way as in Demagl 

(Fig. 6.15). 

D-pTRMck 

Intensity Behaviour- It behaved similarly as m B-pTRM showing a curving decay from 

100° (4730 mA/m) to 500°C with the same deflection at 250°, but with two smaller 

deflections at 390 and 440°C (Fig. 6.15). From 500 to 595°C the intensity was almost 

Constant (2500 mA/m). 
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Directional Behaviour - Both the horizontal and the vertical components behaved as in 

B-pTRM(Fig. 6.15). 

Palaeointensity results from C-D - The N R M / T R M plot showed a more linear 

behaviour curve then m M T T A-B (Fig. 6.16a). However two different slopes were 

considered (Tab. 6.8) plus another one considering the entire range of temperature. 

6.2.5 - Site V33 

A-Demagl 

Intensity Behaviour - Sample 9 had an initial N R M of 1630 mA/m and, by 595°C, was 

demagnetized almost completely. It showed a quite linear decrease in mtensity ali over the 

spectra but there were two clear deflections at 300° and 460°C. A significant increase 

(about 250 mA/m) occurred at 565°C (Fig. 6.17). 

Directional Behaviour - The horizontal component showed a mariced zigzag trend 

with clear breaks at 250, 360 and 460°C, but in general it moved toward the origm. The 

vertical component showed an almost hnear trend throughout the entire spectra of 

temperatures with a small hregularity at 460°. A significant hregularity occurred at 

565°C when the total vector moved toward a downward direction (Fig. 6.17). 

B-pTRM 

Intensity Behaviour- It showed a hyperbohc increase ali over the spectra startmg fi-om 

1450mA/m (150°C) to 5880 mA/m (595°C). A small peak occurred at 300°C (Fig. 6.17). 

Directional Behaviour - The horizontal component moved toward the o r i ^ with a 

similar trend as m Demagl, while the vertical one moved rapidly away from the N R M 

direction, toward a clear downward dùection. The stereo plot showed the usuai behaviour 

(Fig. 6.17). 
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Palaeointensity results front A-B - The N R M / T R M plot showed two very distmct 

slopes (Fig. 6.18a). Two points (Tab. 6.9) which appeared anomalous on both >JRM and 

T R M curves (Fig. 6.18b,c) were excluded. 

C-Demag2 

Intensity Behaviour - The initial N R M (150°C) was 1360 mA/m and, by 595°C, was 

demagnetized completely. It showed a quite linear decrease, as in demagl, but with a 

deflection at 480°C. A marked mercase (about 600 mA/m) occurred at 565°C (Fig. 6.19). 

Directional Behaviour - Both the horizontal and vertical components behaved as m 

Demagl. The same irregularity occurred at 565°C, \ is^en the vertical vector moved 

toward a downward direction, but was much more marked (Fig. 6.19). 

D-pTRMck - Intensity & Directional Behaviours 

They were exactly the same as in p T R M (Fig. 6.19). The initial N R M was 1390 mA/m 

(100°C) and, at the end (580°C), it was 6140 mA/m. 

Palaeointensity results front C-D - As m M T T A - B value at 565°C were not 

considered and m the same way two slopes were defined (Fig. 6.20, Tab. 6.10). 

6.2.6 - Site V26 

A-Demagl 

Intensity Behaviour - Sample 11A had an mitial N R M of 2570 mA/m and, by 550°C, 

was demagnetized ahnost completely. It showed a quite hnear decrease m mtensity until 

460°C with a small convex deflection between 250 and 400°C. At 480° a significant 

mercase in mtensity occurred, followed by a steep hnear deeay, until 550° termmating 

with a small tail at 595° (Fig. 6.21). 

Directional Behaviour - The horizontal component showed an ahnost hnear trend 

throughout the entire spectra of temperatures with just two small irregularities at 390 and 
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480°C. The vertical component showed at least three different dh-ections; between 100 

and 330°C, 360 and 460°C and 480 and 595°C. A significant hregularity occurred at 

480°C when the total vector moved toward a downward dh-ection (Fig. 6.21). 

B-pTRM 

Intensity Behaviour - The sample showed a linear decrease from 2045 to 1180 mA/m 

(420°C), from which it increased imtil 500°C. This was followed by a rapid increase to 

the end of the process (595°C) when it was 8180 mA/m (Fig. 6.21). 

Directional Behaviour - The vertical and horizontal components moved downward 

and westward especially from 420°C. This behaviom" was particularly clear for the 

vertical component. The stereo plot showed the usuai graduai movement of the Ine 

toward 90° (Fig. 6.21). 

Palaeointensity resultsfrom A-B - The N R M / T R M plot showed a clear concave curve 

(Fig. 6.22a) and two slopes were defined up to 535°C. Pomts above this temperature, 

which showed anomalous high values on the T R M plot (Fig. 6.22e), were not considered 

(Tab. 6.11). 

C-Demag2 -

Intensity Behaviour - In this seeond demagnetization, started at 150°C, the N R M was 

1840 mA/m and, by 550°C, was demagnetized ahnost completely. The mtensity decay 

showed a shghtly convex curve between 300 and 440°C. A significant increase occurred 

at 480°, followed by a steep hnear decay, until 550°, termmating with a small tail at 595° 

(Fig. 6.23). At 250-300°C the two Steps showed the same vaine of mtensity; probably 

due to an experimental error. 

Directional Behaviour - The horizontal component showed an ahnost linear trend 

throughout the entue spectra. The vertical component showed an unclear trend until 

390°C followed by three diflFerent directions. The first one was between 390 and 440°C, 
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the second one was between 440 and 480°C and moved clearly toward a downward 

dnection. The third one was between 480 and 595°C, and moved toward the origin. The 

stereo plot showed a good consistency m Dee until 535°C while the Ine had a graduai 

movement toward 90° especially starting from 420°C (Fig. 6.23) 

D-pTRMck 

Intensity Behaviour - There was a shaUow hnear decrease from 1790 to 1140 mA/m 

(360°C), from whieh it inereased slowly until 500°C. This was followed by a rapid 

inerease to the end of the proeess (595°C) where it was 8350 mA/m. A small eonvex 

deflection oceurred between 440 and 500° (Fig.6.23). 

Dìrectional Behaviour - The vertieal eomponent moved elearly towards the downward 

dueetion espeeially starting from 500°C. The horizontal one moved toward the origm but 

above 535°C, it showed a small movement towards the West. The stereo plot showed, as 

expected, a graduai movement of the Inehnation toward 90° (Fig. 6.23). 

Palaeointensity results from C-D - The N R M / T R M plot showed two distmet slopes 

(Fig. 6.24a). Although the T R M eurve behaved as m M T T A - B (Fig. 6.24c) the 

anomalous high values were eonsidered, but the palaeofield esimiate obtamed was 

unaeeeptable(Tab. 6.12). 

6.2.7 - Site V31 

A-Demagl 

Intensity Behaviour - Initial N R M for sample 2 was 5980 mA/m (Fig. 6.25) and, at 

595°C, there was some 5% stili remaining. It showed an aeeeleratmg deerease in mtensity 

with mereasmg temperature startmg from 150-250°C and termmating with a small 
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concave tail. A marked spike occurred at 565°C when the intensity increased of about 

600 mA/m. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origin with a very hnear trend. The vertical component showed a single downward 

marked excursion at 565°. The stereo plot showed a shght movement of Ine toward 90° 

above 550°C (Fig. 6.25). 

B-pTRM 

Intensity Behaviour - The decreasing trend, from 6190 to 2330 mA/m (535°C), was 

quite similar to Demagl, except for a very small increase at 500°C. Between 535 and 

565°C the intensity showed a significant mcrease (about 3200 mA/m). This was followed 

by a minor linear deerease and, at the end of the process the, intensity was 4450 mA/m 

(Fig. 6.25). 

Directìonal Behaviour - The horizontal component moved toward the origin with a 

linear trend, but without reaching it. The vertical component moved gradually away from 

the N R M direction until 535°, when a marked downward spike occurred. The same 

behaviour was underlined by the stereo plot (Fig. 6.25). 

Palaeointensity results from A-B - The N R M / T R M plot showed a very linear trend 

until 520°C when points started to behave ahnost randomly (Fig. 6.26a). A second slope 

were considered (Tab. 6.13) excluding two pomts which appeared anomalous on both 

N R M and T R M curves (Fig. 6.26b,c). 

C-Demag2 

Intensity & Directìonal Behaviour - In this second demagnetization the behaviours 

were exactly the same as in Demagl (Fig. 6.27). 

D-pTRMck 
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Intetisity Behaviour - The initial intensity was 6200 mA/m (100°C) and decreased with 

a shallow hnear tiend until 300°C. Between 300 and 520°C it showed a steeper hnear 

decrease with a small break at 390°C. From 520 to 550°C the intensity showed a marked 

mercase (about 1500 mA/m) followed by a decrease until 595°C. The final mtensity was 

4620 mA/m (Fig. 6.27). 

Directional Behaviour - It was very sknilar to that one showed m p T R M (Fig. 6.27). 

Palaeointensity results from D-C - Both N R M and T R M behaved as m M T T A - B 

(Fig. 6.28b, c). Two possible values of the palaeofield were estmiated (Tab. 6.14). 
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AD 79-1631 saimple V37 . 9B 
A - D e m a g l B - p T R M 

S c a l e 1000 mA/m 

Mmax = 6330 mA/m Mmax = 6330 mA/m 

Fig. 6.9 - Site V37: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(A-B) 
V37.9b NRM TRM 
steps (AAn) (A/m) 

Z3 6.330 0.000 
100 6.280 0.000 
150 6.210 0.309 
250 5.910 0.274 
300 5.770 O.KB 
330 5.540 0.299 
360 5.230 0.340 
390 4.970 0.544 
420 4.570 0.601 
440 4.150 0.640 
460 3.œo 0.814 
480 3.rao 0.801 
500 2460 1.023 
520 1.660 1.611 
535 0.965 0416 
550 0.645 2811 
S65 2410 0.a31 
580 0.326 0.554 
595 0.204 2801 

a) 

IJO 

6.0 

5.0 

i"4.0 

Ì3.O 

2.0 

1.0 

0.0 

MTT (A-B) - AD 79-1631. Sanpie V37.9b 

• \ 
565 

535 0 \ 
560 0 • 

0.0 0.5 1.0 1.8 ZO 

TRM (AAn) 
2.5 3.0 

Tmtgen N f g 1 b R' FfKuaeo(pT) Ob 
V37.9b 150-520 12 0.719 0.891 6.609 -3.703 0.359 185.168 0.359 

•480 - 995 5 0.445 0 7 » 3.063 -1.239 0.967 61.956 0.131 
•excfcrfing 535.565.5«) 

Fig. 6.10 - Site V37: a)NRM/TRM plot and rê )ective values, b)NRM demagnetization and 
c)TRM acquisition curves. 
Tab. 6.5 - Site V37: Palaeofields estimated and statistical páramete 
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AD 79-1631 sample V37 . 9i> 
C - D e m a g 2 D - p T R M c k 

S c a l e 1000 mA/m 

Mmax = 6310 mlV/m Mmax = 6300 mA/m 

Fig. 6.11 - Site V37: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V37.9b NRM TRM 
steps (Aftn) (AAn) 

20 0.000 0.000 
100 0.000 0.000 
150 6.310 0.464 
250 5.810 0.133 
300 5.690 0.176 
330 5.510 0.166 
360 5.220 0.506 
390 4.910 0.563 
420 4.480 0.338 
440 4.040 0.457 
460 3.530 1.272 
480 2.980 0.632 
500 2.480 0.903 
520 1.480 1.315 
535 0.841 2380 
550 0.657 2^0 
565 2530 0.491 
580 0 . ^ 2560 
5 » 0.000 OOOO 

a) 

MTT (C-D). AD 79 -1631 • Sami^ V37.9b 
7.0 

6.0 • 

5.0 

¡4.0 

i 3.0 

2.0 

1.0 

0.0 

T ...360* 
\ %390-

^460-

565* • \ 

0.0 0.5 1.0 1.5 2.0 
TRM(A/m) 

2.5 3.0 

sample N f g b R' Fp^aeofpl) Ob 
V37.a) •250-520 8 0.686 0.804 5.837 -3.871 0.947 193.545 0366 

-480 - 580 6 0.428 0.748 2203 -1.171 0.917 58.528 O170 
iKfing 360,391 ),460 
'•eareludinQ 565 

NRM-sample V37.9b 

0 100 200 3(N)400 500 600 700 

Tanperature fC) 

b) 

6.0 

B.0 

7.0 

.— SO 

5 5.0 

¿ i 4.0 

2 3.0 

B 2.0 

1.0 

0.0 

TRM-sample V37.9b 

0 100 200 300 400 500 600 700 

Tempmture n )̂ 

c) 

Fig. 6.12 - Site V37: a)NRM/TRM plot and req)ective viiaes, b)NRM demagnetization and 
c)TRM acquisition cmves. 
Tab. 6.6 - Site V37 : Palaeĉ lds estimated and statistical parameters 
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Fig. 6.13 - Site V27: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(A.B) 
V27.11a NRM TRM 
steps (Ahn) (Aftn) 

20 6.220 0.000 
100 4.770 0.050 
150 4.730 0.146 
250 4.370 0.211 
300 4.250 0.315 
330 4.180 0.278 
360 4.050 0.319 
390 3.800 0.339 
420 3.490 0454 
440 3.190 0.498 
460 Z980 0.845 
480 2960 0.792 
500 2.280 1.103 
520 1.580 1.438 
535 1.090 1.741 
550 0693 2018 
565 O704 2136 
580 0.523 2264 
595 0.318 2.2M 

a) 

MTT (A-B) - AD 79 -1631 - Sample V27.11a 
6.0 

5.0 

4.0 

: 3 . o 

2.0 

1.0 

a o 

0.0 0.5 1.0 1.5 2.0 2.5 

sample Trangen N f 9 q b FpalaeoOiT) Ob 
V27.11 tc] 100 - 595 17 0.400 0.708 4.698 -1.941 0.978 97.048 0117 

[a] 100-440 9 0.254 0.833 2123 -3.753 0.932 187.634 0374 
12 0.560 0.870 13.796 -1.706 0988 85.277 o.œo 

NRM-sample V27.11 

0 100 200 300 400 500 600 700 
Temperature (°C) 

9J0 

6 . 0 

7 . 0 

E'O.O 

S .5.0 

4 . 0 

3 . 0 

2 . 0 

1 . 0 

0 . 0 

TRM-Sample V27.11 

0 1 0 0 2 0 0 300 400 500 600 700 
Tonperature C^) 

b) c) 

Fig. 6.14 - Site V27: a)NRM/TRM plot and respective values, b)NRM demagnetization and 
c)TRM acquisition curves. 
Tab. 6.7 - Site V27: Palaeofields estimated and statistical parameters 
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AD 79-1631 sample V27.Ila 
C - D e m a g 2 D - p T R M c k 

S c a l e 1000 mA/m S c a l e 1000 mA/m 

Mmax = 4670 mA/m 

Fig. 6.15 - Site V27: Zijderveld diagrams. Intensity and stereo plots. 
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NRM TRM 
Steps (A/m) (Ahn) 

20 0.000 0.000 
100 0.000 0.000 
150 4.670 0.248 
250 4.380 0.119 
300 4.310 0.221 
330 4.220 0.053 
360 4.010 0.250 
390 3.720 0.163 
420 3.400 0.391 
440 3.180 0.548 
460 2.930 0 . ^ 
480 2.700 0.613 
500 2.1» 0.695 
520 1.540 1.287 
535 1.140 1.614 
550 0.857 1.838 
565 0.620 2069 
580 0.491 1.998 
595 0.000 0.000 

5.0 
MTT (D ;̂) - AD 7» -1631 - Sampte V27.11 

4JS -

4.0 

3.5 

.3.0 

•2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

1330* 1330* 

390* 

500* 

0.0 0.5 1.0 1.5 
TRM(Aftll) 

2.0 2.5 

sampte TempCC) N f 0 9 b Fpalaeo(MT) Ob 
V27.11 [b] 500-5«) 6 O.K5 0.751 4.074 -1.202 0.983 60.0% 0.079 

na] 250-480 7 0.360 Q.iil 2977 -3.308 0.957 165.388 0.310 
•nc] »0-580 12 0.833 0.849 12649 -1.967 0.969 98.375 0.110 

"exduding 330,390,500 

8.0 

8.0 

7.0 4 

£"6.0 

l 3.0 

2.0 • 

1.0 • 

0.0 

NRM-sample V27.11 

100 200 300 400 500 
Temperatao« (X) 

600 700 

TRM-Sample V27.11 

200 400 600 
Temperature (°C) 

800 

b) c) 

Flg. 6.16 - Site V27: a)NRM/TRM plot and respective vahes, b)NRM demagnetization and 
c)TRM acquisition curves. 
Tab. 6.8 - Site V27: Palaeofields estimated and statistical parameters 

178 

http://V27.11
http://V27.11
http://V27.11
http://V27.11


AD 7 9-1631 scoaplí 

A - D e m a g l 

V33 . 9 

B - p T R M 

19 M 

S c a l e 200 mA/m S c a l e 1000 mA/m 

Mmax = 163 0 mA/m Mmax = 5880 mA/m 

Fig. 6.17 - Site V33: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V33.9 NRM TRM 
steps (A/m) (Ahn) 
NRM 1.630 0.000 
100 1.440 O.OO) 
150 1.330 0.271 
250 0.939 0.747 
300 0.800 1.313 
330 0 7 ^ 0.895 
360 0.686 1.019 
390 0599 1.102 
420 0444 1.227 
440 0.382 1.513 
460 0.342 1.734 
480 0.340 1.746 
500 0.280 2.041 
520 0.224 Z583 
535 0.135 2.656 
550 O084 3.787 
565 0.331 3.998 
580 0.035 4.405 
595 0.021 5.857 

MTT ( B ^ • AD 79-1631 • Sanpie V33.9 
1.6 

565' 

2J0 3.0 
TiWI(AAn) 

5.0 

sampie Trangen N f g q b FpalaeoOiT) 
V33.9 •150-420 6 0544 0.717 10.167 -0.913 0.994 45.661 0.035 

-420-580 9 0251 0.850 2126 -0.132 0.931 6.600 O013 
•excbiding 300° 
-atduding 565° 

NRM-sampleV33.9 

0 100 200 300 400 500 600 700 
Temperature ("C) 

9.0 
8.0 
7.0 
6.0 
5.0 

t 4.0 
£ 3.0 
— 2.0 

1.0 
0.0 

TRM • Sample V33.9 

0 100 200 300 400 500 600 7«) 

Temperature (°C) 

c) 

Fig. 6.18 - Site V33 : a)NRM/rRM plot and Kspecóve values, b)NRM demagnetizatitm and 
c)TRM acquisitkm curves. 
Tab. 6.9 - Site V33 : Palaeofields estimated and statistical parameters 
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AE> 7 9-1631 sample V33 . 9 
C - D e m a g 2 D - p T R M c k 

Mmax = 1360 mA/m Mmax = 6140 mA/m 

Fig. 6.19 - Site V33: Zijderveld diagrams. Intensity and stereo plots. 
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V33.9 NRM TRM 
stef» (Aftn) (Aftn) 

20 o.oc» 0.000 
100 0.000 0.000 
150 1.360 0.394 
250 0.978 0.597 
300 0.944 0.775 
330 0.787 0899 
360 0.7» 1.007 
390 0.580 1.007 
420 O480 1.045 
440 0.468 1.273 
A60 0.374 1.699 
480 0.429 1.750 
500 0.348 Z355 
520 0.248 Z821 
535 O140 3 . ^ 
550 0.116 4.395 
565 0.659 4.641 
580 0.035 6.110 
595 OOOO 0.000 

1.6 
MTT (D-C) - AD 79-1831 • Sanpie V33^ 

1.0 2.0 3.0 4.0 5.0 6.0 
TRM(AAn) 

7.0 

Tenere; M t 0 9 b R* FpaSaooiftT) 
V33.9 150-420 7 0.647 0.733 3.717 -1.193 0.92) 59.660 0152 

42^550 8 0.268 0.692 Z397 -0.121 0.965 6.034 0.009 

7.0 

6.0 

•a-5.0 

3-4.0 -

l'a.o-
£ 2.0 

1.0 

OD 

NRM-sampleV33.9 

0 100 200 300 400 500 600 700 

Temperature (°C) 

t 

7.0 

6.0 

5.0 

4.0-

3.0 

2.0 

1.0 

0.0 

TRM-SampleV33.9 

0 10O 200 300 400 500 600 700 

Temperatwe (°C) 

Fig. 6.20 - Site V33 : a)NRM/TRM plot and respective values, b)NRM demagnetizaticm and 
c}TRM acqnisitkm curves. 
Tab. 6.10 - Site V33 : Palaeofieids esdmated and statî cal parameters 
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AE> 79-1631 sample V26.11a 
A - D e m a g l B - p T R M 

¥0 

S c a l e 2000 mA/m 

S c a l e 5 00 mA/m 

Mmax = 2 570 mA/m Mmax = 8180 mA/m 

Fig. 6.21 - Site V26: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V26.11a NRM TRM 
steps (AAn) (Aftn) 

20 2570 0.000 
100 2040 0.000 
150 1.850 0.145 
250 1.52) O303 
300 1.420 0.310 
330 1.310 0.439 
380 1.210 0.509 
390 1.060 0.614 
420 0.913 0.668 
440 0.677 0.705 
460 0.506 0.910 
480 0.fô4 1.198 
500 0.471 1.809 
52) 0.277 2166 
535 0.163 2^9 
550 0.044 4.432 
5œ 0.038 5.982 
580 0.014 7.313 
5% 0.011 8.180 

sample Temp-fC) N f a q b FpaiaeoOiT) Ob 
V26.11a 150-460 9 0.523 0.851 6.727 -1.774 0.970 88.697 0.117 

480 - 535 4 0.191 0.651 0.799 -0.305 0.952 15.233 0.047 

NRM-sample V26.11a 

200 400 
Tenperature fC) 

800 

TRM-Sample V26.11a 

200 « » 600 
Temperature (°C) 

800 

b) c) 

Fig. 6.22 - Site V26: a)NRM/TRM plot and respective values, b)NRM danagnetizatiim and 
c)TRM acquisition curves. 
Tab. 6.11 - Site V26: Palaeofields estimated and statistical parameters 
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AD 79-1631 sample V26.11a 

K K 

D - p T R M c k 

S c a l e 2 000 mA/m 

S c a l e 500 mA/m 

(Imax = 1840 mA/m Mmax = 8 350 mA/m 

Fig. 6.23 - Site V26: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V26.11a NRM TRM 

steps (Aftn) (Mm) MTT(C-D) - AD 79 -1631 - Sentile V26.11a 
20 0.000 0.000 2.0 • 
100 0.000 0.000 1.8 • 
150 1.840 0.542 

1.8 • 

250 1.410 0.551 1.6 
300 1.410 0.493 1.4 
330 1.260 0.505 

1.4 

360 1.180 0.596 1.2 11 
390 1.040 1.001 a) 1.0 k 
42) o.sre 1.2)6 

1.0 
\ 

440 0.673 1.397 0.8 
460 0.653 1.527 0.6 
480 0.703 1.483 

0.6 

500 0.523 1.854 0.4 
520 0.342 3.489 0.2 
535 0.294 5.618 

0.2 
"—- .^^ 

550 0.049 7.851 n n 550 0.049 7.851 
565 0.016 8.336 0.0 2.0 4.0 6.0 8.0 10.0 
580 0.012 7.842 
595 0.000 0.000 

samfOe Tempre) N f 0 9 b Fpalaeo(pT) ab 
V26.11a 250-500 10 0482 O807 5.279 •0.660 0.957 32.994 0.049 

500-565 5 0.275 0.626 1 . ^ -0.076 0.961 3.815 0.009 

I 

NRM - Sample V26.11a 
9.0 
8.0 
7.0 
6.0 
sja 

4.0 
3.0 
2.0 
1.0 
0.0 

200 400 
Temperature (°C) 

800 

9.0 
8.0 
7.0 

..«6.0 
3 S.O 
J4.O 
g 3.0 
1 2.0 

1.0 
0.0 

TRM-Sample V26.11a 

2 0 0 400 
Temperature fC) 

600 800 

b) c) 

Fig. 6.24 - Site V26: a)NRM/TRM plot and respective values, b)NSM demagnetizalion and 
c)TRM acquisition curves. 
Tab. 6.12 - Site V26: Palaeofìekls estimated and statistical parameters 
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AD 7 9-1631 sample V31- 2 
A - D e m a g l B - p T R M 

Fig. 6.25 - Site V31: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(ArB) 
V31.2 NRM TRM 
Steps (/üm) (Aftn) 

20 0.000 0.000 
100 5.980 0.000 
150 6.040 0.156 
250 5.620 0 . ^ 
300 5.380 0.533 
330 5.120 0.518 
360 4.780 0.562 
390 4.290 0.807 
420 3.720 0.887 
440 3.180 1.053 
460 2.820 1.183 
480 2.410 1.283 
500 2.020 1.433 
5Z) 1.580 1.949 
535 1.060 1.395 
550 0.522 5.096 
565 1.140 4.494 
580 0.401 4.650 
595 0.293 4.194 

7.0 

6.0 

S.0 

:4.0 

U 
2.0 

1.0 

0.0 

MTT (A-B) - AD 79-1631 • Sanple V31.2 

565' 
535* * \ 

580-

0.0 1.0 2.0 3.0 4.0 5.0 
TRM (Aftn) 

6.0 

sample Tra isen N f a q b FpäaeoOiT) Ob 
V31.2 150-500 11 0 . ^ 0.893 14.006 -3.318 0.934 165.910 Ol 41 

•480-^ 5 0.333 0.633 1.483 -0.486 0.904 24.314 0.(»9 
•exduding535,5fö'' 

9.0 
8.0 
7.0 
6.0 
5.0 
4J0 

3.0 
2.0 
1.0 
0.0 

NRM-Sample V31.2 

0 100 200 300 400 500 600 700 
Temperature fC) 

9.0 
BJ) 
7.0 

E"6.0 
S-5.0 
1" 4.0 
J 3.0 
— 2.0 

1.0 
0.0 

TRM - Sample V31.2 

0 100 200 300 400 500 600 700 
Temperature fC) 

b) c) 

Fig. 6J(6 - Site V31 : ä)NRM/TRM plot and respective values, b)NRM donagnetization and 
c)TRM acquisition cnrves. 
Tab. 6.13 - Site V31 : Palaeofields estimated and Statistical parameters 
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AD 79-1631 sauaple V31 . 2 
C - D e m a g 2 B - p T R M c k 

•DP 
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MTT(C-D) 
VS1.2 NRM TRM 
steps (Aftn) (Atol) 

20 0.000 
100 O.OO) 0.000 
150 6.120 0.635 
2S0 5.580 0.359 
300 5.310 0.155 
330 5.070 0.440 
360 4.690 0.7^ 
390 4.120 0.754 
42) 3.660 0.631 
440 3.110 0.797 
460 2.750 0.883 
460 Z430 0837 
SO) ZOOO 1.194 
520 1.600 Ì239 
535 0.920 3.076 
550 0.627 5:075 
365 1.870 3.198 
580 0.388 3.862 
5 » 0.000 0.000 

a) 

MTT (C.O} • AD 79 -1631 - Sampie V31.2 

Tempre) N f 9 <r b Fpalaeo(Mr) 
V31.2 15&420 11 0.650 0.893 4.080 -4.233 0.826 211.625 0.603 

•48^5«) 5 0.334 0.739 1.615 -0.612 0.931 30.579 0.093 
"«cduding 550.565 

9.0 

8.0 

7.0 

E" 6.0 

» 4.0 e 
S 3.0 

2.Ó 

1.0 

0.0 

NRM-sampleV31.2 

0 100 200 300 400 500 600 7DO 
Temperature (°C) 

b) 

9.0 

8.0 

7.0 

,6.0 

SJO 

I 4.0 

3.0 

2.0 

1.0 

0.0 

TRM - Sample V31.2 

0 100 200 300 400 500 600 700 
Temperature (°C) 

c) 

Fig. 6.28 - Site V31 : a)l'4RWrRM plot and respective valúes, b)NRM demagnetization and 
c)TRM acqnisitian curves. 
Tab. 6.14 - Site V31 : Palaeofields estimated and statistical parameters 
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6.3-AD 1697 

6.3.1 - Site V28 

A-Demagl 

Intensity Behaviour - Initial N R M for sample 3 was very high (10700) mA/m (Fig. 

6.29) and, by 595"'C, there was some 3% stili remaining. It showed a marked decrease 

(about 1700 mA/m) at 100°C foUowed by a more usuai accelerating decrease with 

increasmg temperature, which terminated with a small concave tail (Fig. 6.29). 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origin with a very hnear trend (Fig. 6.29). 

B-pTRM 

Intensity Behaviour - The decreasmg trend, from 8370 to 4300 mA/m (535°C), was 

identica] to that one in Demagl. Between 535 and 595°C the intensity showed a very 

small increase and, at the end of the process the, intensity was 4470 mA/m (Fig. 6.29). 

Directìonal Behaviour - The horizontal component moved toward the origjn with a 

hnear trend while the vertical one moved northwards, gradually away from the N R M 

direction. The Ine behaved as usuai, as shown by the stereo plot (Fig. 6.29). 

Palaeointensity results from A-B - The N R M / T R M plot showed two slopes (Fig. 

6.30a) therefore two different value of the palaeofield were determined (Tab. 6.15). Both 

N R M demagnetization and T R M acquisition curves (Figs 6.30b,c) did not show any 

partieular irregularities. 

C-Demag2 

Intensity & Directioml Behaviour - In this seeond demagnetization the behaviours 

were exaetiy the same as in Demagl. The only difiference was the N R M at 20°, which was 

8210 mA/m. This value was much more consistent with the general trend showed during 
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the first Steps of demagnetization. This suggested that the high initial N R M showed m 

Demagl was probably due to instrumental or experimental error (Fig. 6.31). 

D-pTSMck 

Intensity & Directional Behaviours - The initial intensity was 8230 mA/m (10Ö°C) 

and, at the end of the process, was 4740 mA/m. The two behaviours were exactly the 

same to those ones showed m p T R M (Fig. 6.31). 

Palaeointemity results from C-D - The N R M / T R M plot showed two distmct slopes 

(Fig. 63.2a). Two value of the palaeofield were determined (Tab. 6.16) although all points 

below 390°C, which appeared anomalous, (Fig. 6.32b,c) were excluded. 

6.3.2 - Site V29 

Ä-Demagl 

Intensity Behaviour - Initial N R M for the sample 6 was 6770 mA/m (Fig. 6.33) and, 

with an accelerating decrease in mtensity, by 595°C had been demagnetized almost 

completely. It showed a very small deflection at 565°C. 

Directional Behaviour - Both vertical and horizontal conqjonents moved towards the 

origm with a very hnear trend especially above 360°C (Fig. 6.33). 

B-pTRM 

Intensity Behaviour - From 6380 (150°) to 2940 mA/m (535°C), it was similar to 

Demagl, but the values were in general shghtly higher. From this pomt the mtensity 

showed a small increase and at the ended it was 3680 mA/m (Fig. 6.33) 

Directional Behaviour - The horizontal component moved toward the origm, with a 

hnear trend, until 520°C then it moved shghtly northwards. The vertical component 
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moved gradually away from the N R M but above 520°C it behaved as the horizontal one. 

The stereo plot showed this anomaly (Fig. 6.33). 

Palaeointensity results from A-B - The N R M / T R M plot showed a shghtly concave 

curve (Fig. 6.34a) and two diflferent slopes were considered (Tab. 6.17). The N R M curve 

did not show any particular irregularities while a small one were present at 520/535° in 

the T R M curve (Fig. 6.34b,c). 

C-Demag2 

Intensity & Directìonal Behaviour - They were both similar as in Demagl, but there 

was a small spike at 565°C showed clearly by the intensity, the vertical vector and the 

Ine behaviours (Fig. 6.35). 

D-pTRMck 

Intensity Behaviour - From 100 (6760 mA/m) to 300°C it showed a shallow hnear 

decrease, then it was sunilar to Dranagl until 480°C. Between 500 and 550°C the 

intensity had a small merease (about 500 mA/m). Above 550°C the intensity was 

Constant and at the end it was 3540 mA/m (Fig. 6.35). 

Directìonal Behaviour - It was very similar to p T R M (Fig. 6.35). 

Palaeointensity results from C-D - As in M T T A - B two different slopes were taken in 

account (Fig. 6.36a, Tab. 6.18). Both the N R M and T R M curves showed irregularities 

(Fig. 6.36b,c) which were not considered. 

193 



AD 1697 sanale V28 . 3 
A - D e m a g l B - p T R M 

N K K K 

S c a l e 1000 mA/m 

Fig. 6.29 - Site V28: Zijderveld diagrams. Intensity and stereo plots. 

194 



MTT(A-B) 
V28.3 NRM TRM 
ste|s (A/m) (Aftn) 
20 10.700 0.000 
100 8.310 0.112 
150 8.330 0355 
250 7.950 0.131 
300 7.840 0.238 
330 7.680 0.476 
360 7.2SO 0.231 
390 7.090 0.351 
420 6.840 0.455 
440 6.430 0.392 
460 6.130 0.469 
480 6.030 0.664 
500 5.230 0.776 
520 4.320 1.078 
535 Z720 1.975 
550 1.440 3.3^ 
5^ 0.987 3.774 
580 0 . ^ 4.061 
595 0.421 4.175 

a) 

9.0 

MTT (A«) • AD 1697- Sample V28.3 

2.0 3.0 
TRM(Aftn) 

5.0 

sample Tempre; N r 9 1 b Fpalaeo(pT) 
V2B.3 150̂ 520 13 O480 0864 3.154 -4.517 0.819 225.825 0594 

K^595 6 0.579 0.767 6.491 -1.314 0.977 65.676 o.oa) 

9.0 

8.0 -

7.0-

te.o • 
-5.0 • 

»4.0 

|3.0 

2.0 

1.0 • 

0.0 

NRM-Sample V28.3 

0 100 200 300_^400 „ 500 600 700 
Temperature (̂ C) 

9.0 

8.0 

7.0 

'6.0 

5.5.0 
t4 .0 

3.0 

2.0 

1.0 

0.0 

TRM - Sample V28.3 

100 200 300 400 500 600 700 
Temperature (°C) 

b) 

Fig. 630 - Site V28: a)NRM/TRM plot and respsctive values, b)NRM demagnetizatifm and 
c)TRM acqnisition curves. 
Tab. 6.15 - Site V28: Palaeofields estimated and statistical parameters 
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AD 1697 Srtmple V28 . 3 
C - D e m a g 2 D - p T R M c k 

S c a l e 1000 mA/m 

Fig. 6.31 - Site V28. Zijderveld diagrams. Intensity and stereo plots. 
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MTT (C-D) 
V28.3 NRM TRM 
steps (AAn) (Aftn) 

20 0.000 0.000 
100 0.000 0.000 
150 8.210 0.281 
» 0 7.960 O ^ 
300 7.870 0.213 
330 7.590 0.222 
360 7.30 0.3» 
390 6.950 0.193 
420 6.630 O150 
440 6.330 O440 
460 5.9«) 0.386 
480 5.730 0.535 
500 5.040 0.711 
520 4.130 Ì.257 
535 2.650 1.807 
550 1.360 3.285 
565 0.888 3.758 
580 0.610 3.807 
595 0.3% 0.(X)0 

a) 

MTT (C4>) - AD 1697 • Sanqile V28.3 

2.0 3.0 
TRM(Aftn) 

4.0 

sampte Tempro) N f a <l b Fpalaeo(pT) 
V28.3 [a] 390̂ 535 8 0.524 0.70) 6.410 -2518 o.gre 125.905 0163 

fb] 500-580 6 0.540 0.552 10.731 -1.384 0.998 69.204 0.038 

t 

9.0 

8.0 

7J0 • 

6.0 

5.0 

4.0 

3.0 -

2.0 

1.0 

0.0 

NRM-sampie V28.3 

0 100 200 300 400 500 600 700 

Temperature fC) 

9.0 

8.0 

7.0 

^ 6 . 0 

; | S.0 

Ì Ì 4 . 0 

1" 
£ 2.0 

1.0 

0.0 

TRM-Sampie V28.3 

0 100 200 300 400 500 OH) 700 

Tonperature (°C) 

b) c) 

Fig. 632 - Site V28: a)NRM/TRM plot and req>ective values, b)NRM danagnetizatÌDn and 
c)TRM acquisition cmves. 
Tab. 6.16 - Site V28: Palaeofieids estimated and statisticai parameters 
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AD 1697 sampi 
A — D e m a g l 

& V29 . 6 
B - p T R M 

K H 

to 

S c a l e 1 0 0 0 mA/m 

S c a l e 1 0 0 0 mA/m 

Fig. 6.33 - Site V29: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V2d.6 NRM TRM 
steps {Mo) (Aftn) 

20 0.000 
100 6.770 0.0» 
150 6.710 O103 
250 6.350 0.334 
300 6.110 0 . ^ 
330 5.820 O400 
360 5.380 O502 
^ 4.960 0.674 
420 4.530 0783 
440 4.(»0 0896 
460 3.540 1.021 
480 3.050 i.2œ 
500 2.420 1.539 
520 1.830 2.243 
535 . 1.150 Z178 
550 0.634 3.045 
565 0.533 3.201 
580 0.251 3.161 
595 0.199 3.254 

a) 

MTT (A-B) • A01697- Soiqite V29.6 

1.5 2.0 
TRM(AAn) 

3.5 

sample TempC) N f 0 1 b Fpa¡aeo(pT) Ob 
V29.6 150-480 11 0.634 0894 1Z918 -3.300 0.983 iœ.oi5 0.145 

460-595 9 0.494 0.838 5.354 - 1 . ^ 0.959 69.895 0.108 

9.0 

8.0 H 
7.0 

6.0 

' 5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

NRM - Sample V29.6 

o 100 200 300 400 5 0 0 « > 0 700 
T«nperature f C) 

9.0 

8.0 • 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

TRM-Sampie V29.6 

0 100 200 300 400 500 600 700 
Tempoature (°C) 

b) c) 

Fig. 634 - Site V29: a)NRMTRM plot and respective values, b)NRM donagnetization and 
c)TRM acquisition curves. 
Tab. 6.17 - Site V29: Pakeofîelds estimated and statistical páramete 
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AD 1697 sanale V29.6" 
C - D e m a g 2 D - p T R M c k 

S c a l e 1000 mA/m 

Mmax = 668 0 mA/m Kmax = 6760 mA/m 

Fìg. 6.35 - Site V29: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V29.6 NRM TRM 
steps (Mn) <Aftn) 

20 0.000 0.000 
100 0.000 0.000 
150 6.680 0.568 
250 6.210 0.353 
300 5.920 0.213 
330 5.710 0.510 
360 5.390 0.903 
390 4.860 0.734 
420 4.400 0.770 
440 3.930 0.879 
460 3.420 0.994 
480 3.000 1.078 
500 Z280 1.516 
520 1.560 2.072 
535 0.989 2.469 
550 0.529 3.166 
3BS 0.627 2.813 
580 0.238 3.157 
595 0169 0.000 

a) 

MTT (C-0) • AD 1697 - Salvie V29.6 
8.0 

3.5 

sample TempCC) N f 9 9 b Fpalaùo(ftT) 
V29.6 •»0-480 7 0.481 0.821 8.408 -4.555 0.9^ 227.736 0.214 

480-580 7 0.413 0.773 5.078 -1.»4 0.980 62.721 0.079 
• exduding 300,360 

8.0 

7.0 

6.0 

I " 
4.0 

% 3.0 

~ ZO 

1.0 

0.0 

NRM-sampleV29.6 

0 100 200 300 400 500 600 700 
Temperature fC) 

9.0 

6.0 

7.0 

&0 

5.0 

Aja 

3.0 

2J0 

1.0 

0.0 

TRM-Sampie V29.6 

0 100 200 300 400 S(H) 600 700 
Temperature fC) 

b) c) 

636 - Site V29: a)NRM/TRM plot and respective vahies, b)NRM deanagnetization and 
c)TRM acquìsiti(ni curves. 
Tab. 6.18 - Site V29: Palaeofields estimated and statistical parameters 
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6,4 - AD 1714/(1906?) 

6.4.1 - Site V38 

A-Demagl 

Inteìisity Behaviour- Initial N R M for sample 3B was 5640 mA/m (Fig. 6.37) but at 

100° it was about 1300 mA/m lower. After this marked decrease it showed the usuai 

accelerating decrease with increasmg temperature, which termuiated with a small concave 

tail. At 595° there was some 5% of mitial N R M stili remaining. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origin with a very linear trend (Fig. 6.37). 

B-pTRM 

Intensity Behaviour - From 100°C (4340 mA/m) it showed a smooth decrease until 

535°C (2820 mA/m) with a clear break between 440 and 480°C when the mtensity was 

Constant. Starting from 535°C the mtensity showed a marked mcrease (about 1000 

mA/m) and, at the end of the process (595°C) it was 3900 mA/m (Fig. 6.37). 

Directìonal Behaviour - The horizontal component moved toward the origin with a 

quite hnear trend but, at 535°C it showed a clear deflectìon towards the west. The vertical 

one moved northwards, gradually away from the N R M direction until 535°, then it moved 

downward. The Ine behaved as usuai, as shown by the stereo plot (Fig. 6.37). 

Palaeointensity results from A-B - Two very distmct slopes were considered (Fig. 

6.38a, Tab. 6.19). Both N R M demagnetization and T R M acquisition eurves (Fig. 6.38b,c) 

did not show any particular ùregularities. 

C-Demag2 

Intensity & Directìonal Behaviour - In this second demagnetization the behaviours 

were exactly the same as in Demagl (Fig. 6.39), but because the process started at 150°C 
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(4230 mA/m), the marked difference between the initial N R M (20°) and that one at 

100°C, observed m Demagl, could not be repeated. 

D-pTRMck 

Intensity & Directìonal Behaviottrs - The two behaviours were exactly the same to 

those shown m pTRM. The mitial mtensity was 4220 mA/m (100°C) and, at the end of 

the process, was 3700 mA/m (Fig. 6.39). 

Palaeointensity results from C-D - As m M T T A - B , two slopes were defined (Fig. 

6.40a) and, as no clear anomahes were present in both N R M and T R M curves (Fig. 

6.40b,c), ali the points were considered.(Tab. 6.20). 

6.5-AD 1754 

6.5.1 - Site V39 

A-Demagl 

Intensity Behaviour - Sample 7A showed an initial N R M , at 20°C much higher then at 

100°C. In fact the intensity was 6190 mA/m and, the next step of temperature, it dropped 

down of about 1550 mA/m. Starting from 250°C it showed an acceleratmg decrease (Fig. 

6.41) terminating with a small concave tail. At 595°C, there was some 11% of initial 

N R M stili remainmg. A small uregularity occurred between 250-400°C. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origin with a hnear trend, especially above 460°C. Thy showed the same deflection 

between 250 and 400°C (Fig. 6.41). 

B-pTRM 

Intensity Behaviour - It showed a decreasing trend, from 4790 (100°C) to 2960 mA/m 

(535°C) that was quite similar to Demagl especially until 360°C. In fact above this 
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temperature there were two small but clear anomalies between 360-440°C and between 

460-500°C. Above 535°C the mtenshy showed a significant increase (about 2000 mA/m). 

(Fig. 6.41) 

Directìoml Behaviour - The horizontal component moved toward the origin with an 

almost hnear trend, but vwthout reaching it. The vertical component moved gradually 

away from the N R M direction but it showed an anomalous trend between 360° and 

460°C. At 535°C a marked downward spike occurred. The Ine moved towards 90° as 

shown by the stereo plot (Fig. 6.41). 

Palaeointensity results from A-B - The N R M / T R M plot showed two distinct slopes 

(Fig. 6.42a) and to very different vaine of the palaeofield were defined (Tab. 6.21). No 

clear anomalous points appeared on both N R M and T R M eurves (Fig. 6.42b,e). 

C'Demag2 

Intensity&Directìonal Behaviour-The initial N R M (150°C) was 4590 mA/m. Above 

this the two behaviours were very similar to Demagl (Fig. 6.43). 

D-pTRMck 

Intensity Behaviour - The initial intensity was 4680 mA/m (100°C) and behaved 

similarly to p T R M but without showing anomahes between 360° and 535°C. After the 

marked merease to 535°C the mtensity was 4810 mA/m (Fig. 6.43). 

Directìonal Behaviour - It was very similar to that one showed m pTRM (Fig. 6.43). 

Palaeointensity results from C-D - The N R M and T R M showed ahnost the same 

behaviour as m M T T A-B (Fig. 6.44b,c), therefore two slopes were obtained (Fig. 6.44a, 

Tab. 6.22). 

6.5.2 - Site V40 
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A-Dentagl 

Intensity Behaviour - The initial N R M (at 20°G), m sample 12A was 4930 mA/m, but 

at 100°C it dropped down about 1100 mA/m. From 250°C it showed the usuai 

acceleratìng decrease (Fig. 6.45) termmatmg with a hnear trend at 595°C and some 10% 

of mitial N R M stili remaining. Small hregularities were present at 400 and 480°C. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origm with a hnear trend (Fig. 6.45). 

B-pTRM 

Intensity Behaviour - The decreasmg trend showed from 3820 (100°C) to 2300 mA/m 

(535°C) was very sunilar to Demagl especially below 360°C, when H showed a shght 

deceleration m the decrease until 535°C. Above this temperature the intensity showed a 

significant increase (about 1500 mA/m). 

Directìonal Behaviour - The vertical component moved gradually away from the 

N R M direction but at 535°C it showed a marked downward deflection (Fig. 6.45). The 

horizontal component moved toward the origin with an abnost hnear trend and, at 535°C 

showed a small spike westwards. The Ine moved cleariy towards 90°. 

Palaeointensity results from A-B - The N R M / T R M plot showed two slopes (Fig. 

6.46a) therefore two different value of the palaeofield were determined (Tab. 6.23). Both 

N R M and T R M eurves (Fig. 6..46b,c) behaved almost regulariy. 

C-Demag2 

Intensity & Directìonal Behaviour - The two behaviours were very sunilar to Demagl. 

The initial N R M (150°C) was 3730 mA/m (Fig. 6.47). 

D-pTRMck 

205 



Intensity Behaviour - The initial intensity was 3800 mA/m (100°C) and showed an 

mitial decreasmg trend that was sunilar to demagl below 535°C, ^ e n the mtensity was 

2400 mA/m. After the marked increase occurred above 535°C, as in pTRM, the intensity 

was 4810 mA/m (Fig. 6.47). 

Directìonal Behaviour - This was very similar to that showed by the p T R M (Fig. 

6.47). 

Palaeointensity results front C-D - The N R M / T R M plot showed two distinct slopes 

(Fig. 6.48a). Two vaine of the palaeofield were determined (Tab. 6.24) although few 

pomts below 330''C appeared shghtly anomalous (Fig. 6.48b,c). 

6.5.3 - Site V41 

A-Demagl 

Intensity Behaviour - Sample 7B showed a very high initial N R M (9100 mA/m) at 

20°C. At 100°C rt dropped down of about 2200 mA/m and kept steady until 330° when it 

showed the usuai accelerating decrease (Fig. 6.49). This terminated with a small concave 

tail and, by 595°C, had been demagnetized almost completely. 

Directìonal Behaviour - Both components moved towards the origin with a very hnear 

trend especially above 480°C (Fig. 6.49). 

B-pTRM 

Intensity Behaviour - This behaviour (Fig. 6.49) was exactly the same as m Demagl 

from 7070 (100°C) to 3320 mA/m (535°C). Above this temperature the mtensity 

increased significantly (about 2000 mA'm). 

Directìonal Behaviour - The horizontal component moved toward the origin with an 

almost hnear trend until 535°C. Above this it moved shghtly westwards. The vertical 
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component moved gradually away from the N R M direction and, at 535°C, showed a 

marked downward deflection (Fig. 6.49). This behaviour was underhned in the stereo 

plot, where the Dee changed above 535°C. while the Ine moved towards 90°, as usuai. 

Palaeointensity results from A-B - Two diflferent slopes were considered (Fig. 6.50a, 

Tab. 6.25). The !NRM curve did not show any partieular irregularities while the T R M one 

showed small anomahes at low temperatures (Fig. 6.50b,c) 

C-Dentag2 

Intensity & Directional Behaviour - The two behaviours were similar to Demagl but 

the vertical component moved sUghtly downwards, with a eurving trend, between 420 and 

500C°. The initial N R M (150°C) was 6980 mA/m (Fig. 6.51). 

D-pTRMck 

Intensity Behaviour - It was very sunilar to pTRM. The initial N R M was 6850 mA/m 

(100°C); at 535°C, when the mtensity started to increase, it was 2820 mA/m; at the end 

of the process (595°) the mtensity was 5440 mA/m (Fig. 6.51). 

Directional Behaviour - It was very similar to that one showed in p T R M (Fig. 6.51). 

Palaeointensity results from C-D - As in M I T A - B , two slopes were defined (Fig. 

6.52a) and, as no clear anomahes were present in both N R M and T R M eurves (Fig. 

6.52b,c), ali the pomts were considered (Tab. 6.26). 
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AD 1714 (1906) sample V38.3b 
A - D e m a g l B - p T R M 
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MTT (A-B) 
V38.3b NRM TRM 
s t ^ (Aftn) (Aftn) 

2) 5.640 oooo 
100 4.310 0.000 
150 4.250 L0.160 
250 4.060 0.260 
300 4.010 0.341 
330 3.950 0.318 
360 3.760 0.437 
390 3.610 0.427 
420 3.380 O501 
440 3.220 0556 
460 3.020 0.904 
480 2.970 1.028 
500 2.350 1.215 
520 1.880 1.477 
535 1.140 1.936 
550 0.689 3.094 
5fö 0.469 3.518 
580 0.342 3.664 
595 0.253 3.692 

a) 

5.0 
MTT (A«) . AD1714(1S0S)- Sanpte V38.3b 

0.0 0.5 1.0 1.5 2.0 2.5 
TRM (Aftn) 

4.0 

sample Tempo N f 8 q b — F " - Fp^aeo(fiT) Ob 
V3B.3b 10O535 14 0.562 0.863 10.7% -1.697 0.976 84.872 0.076 

5^-595 5 0.157 0.649 1.015 -0.481 0.970 24.066 0.048 

NRM-Sampie V38.3b 

0 100 2(K) 300 400 500 600 700 
Temperature (°C) 

b) 

9.0 
TRM - Sampie V38.3b 

0 100 200 300 400 500 600 700 
Temperature (°C) 

c) 

Flg. 638 - Site V38: a)NRM/TRM plot and respective vahies, b)NRM demagnetizaticm and 
c)TRM acquisition curves. 
Tab. 6.19 - Site V38: Palaeofields estimated and statìstica! parameters 
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AD X714 (1906) sair^l< 
C—Demag2 

S c a l e 1000 mA/m 

V38.3b 

D - p T R M c k 

K N 

S c a l e 1000 mA/m 

Mnmx = 2300 mA/m Mmax = 4 22 0 mA/m 

o lOO 200 300 400 500 600 
Step 

Fig. 6.39 - Site V38; Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V38.3b NRM TRM 
steps {Mm) {Mm) 

20 oooo 0.000 
100 0.000 0.000 
IS) 4.230 0.139 
•290 4.œo 0.161 
30) 4.œo 0242 
330 3.920 0.173 
360 3.740 0.394 
290 3.600 0536 
420 3.350 0.672 
440 3.150 0.667 
460 Z970 0.888 
480 2.700 0.844 
SOQ 2.270 0.983 
520 1.820 1.255 
535 1.180 2.126 
550 0.6«) 3.062 
565 0.463 3.416 
SBO 0.334 3.412 
5% 0.241 0.000 

a) 

0.0 

M Î T (C-0) - A D 16»7 -Sampte V3&3b 

0.0 0.5 1.5 2.0 2.5 
TRM(A/m) 

3.0 3.5 4.0 

aampfe Tempre) N f g g b Fpalaeo(pT) 
V38.3b 150-535 13 0.721 0.882 8.350 -1.703 0.937 85.136 0.130 

500-580 6 0.458 0.753 4.893 -0.721 0.980 36.050 0.051 

9.0 

8.0-

7.0 • 

g" 6.0 

3-5.0 

1« 
C 3.0 

2.0 

1.0 
0.0 

NRM1 -sampleV38.3b 

0 100 200 300 400 500 «m 700 
Tempefature (*C) 

9.0 

t 

8.0 

7.0-1 

6.0 

5.0 • 

4.0 -

3.0 • 

2Ja 
1.0 

0.0 

TRM • Sampie V38.3b 

0 100 200 300 400 
Tempoature fC) 

500 600 700 

b) C) 

6.40 - Site V38: a)NRM/TRM plot and respective values, b)NRM demâ ietization and 
c)TRM acquisition curves. 
Tab. 6.20 - Site VBS: Palaeofields estimated and statistica! parameters 
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AD 1754 sampi 
A — D e m a g l 

e V39.7a 
B - p T R M 

S c a l e 1000 mA/m 

Mmax = 6190 mA/m Mmax = 5230 mA/m 

o 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 

Step 
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MTT (A-B) 
V39.7a NRM TRM 
steps (A/m) (Aftn) 

a) 6.190 0.000 
100 4.650 0.000 
150 4.620 0.199 
250 4.330 0.267 
300 4.300 0.272 
330 4.270 0.237 
360 4.230 0.530 
390 4.0»} 0296 
420 3.790 0.354 
440 3.570 0.430 
460 3.360 0.630 
480 3.330 0.713 
500 Z7a) 0.923 
520 2.430 1.158 
535 1.770 1.382 
550 1.300 3.014 
565 0.783 4.533 
580 0.690 4.626 
595 0.575 4.515 

a) 

5.0 
MTT (B-A). AD1754 - S < D I ^ V39.7a 

2.0 3.0 
TRM(AAn) 

5.0 

sampte TtangeC) N f 9 9 b Fpalaeo(MT) 
V39.7a •250-535 11 0.414 0.837 6.346 -2106 0.973 105.310 0.115 

535-595 5 0.193 0.643 1.233 -0.354 0.970 17.687 0.036 
clucGng360 

9.0 
8.0 
7.0 

J 6.0 

« 4.0 I 3.0 
2.0 
1.0 
0.0 

NRM-Sampie V39.7a 

0 100 200 300 400 500 600 700 
Temperature (°C) 

9.0 
8.0 
7J0 

6.0 
5.0 
4.0 H 

3.0 
2ja 

1.0 
0.0 

TRM-SampleV39.7a 

100 200 300 400 500 600 
Temperature (X) 

700 

b) c) 

Fig. 6.42 - Site V39: a)NRM/TRM plot and respective valnes, b)NI(M demagnetìzation and 
c)TRM acquishion cufves. 
Tab. 6-21 - Site V39: Palaeofields estimated and statìstìcal parametors 
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AD 1754 sample V39.7a 
C - D e m a g 2 D - p T R M c k 

Mmax = 4590 mÄ/iti Mmax = 5010 mA/m 

300 
Step 

300 iOO 
s t e p 

Fig. 6.43 - Site V39: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V39.7a NRM TRM 
steps (Aftn) (A/m) 

20 0.000 0.000 
100 0.000 0.000 
150 4.590 0.173 

4.460 0.111 
300 4.430 0.215 
330 4.410 0.176 
360 4.160 0.232 
390 3.960 0.241 
420 3.760 0.281 
440 3.550 0.530 
A80 3.320 0.511 
480 3.150 0.633 
500 2800 0.475 
520 2400 0.806 
535 1.9«) 1.257 
550 1.400 3.102 
565 0.847 4.264 
SBO 0.669 4.107 
595 0.554 OOOO 

a) 

5.0 

0.0 

MTT (C-O) - AD 17S4 - Sample V39.7a 

0.0 1.0 2.0 3.0 
Tfail<Aftn) 

4.0 5J0 

sanile N f g g b FpalaeofMV o* 
V39.7a 15^535 12 0.617 o.eers 6.356 -2923 0.932 146.139 0.248 

520-580 5 0.4(S 0.716 2765 -0.459 0.967 22939 0.049 
* exciuding 500 

9.0 

8.0 

7.0 

6.0 

5.0 H 

4.0 

3.0 

2.0 

1.0 

0.0 

NRM-sample V39.7a 

100 200 300 400 500 600 700 

b) 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

TRM - Sample V39.7a 

100 200 300 400 500 600 700 

C) 

F^. 6.44 - Site V39: a)NRM/TRM plot and respective valnes, b)NRM danagnetìzation and 
c)TRM acqnisition cmves. 
Tab. 6J2 - Site V39: Palaeofields estimated and statistical parameters 

215 



AD 1754 sample V40.12a 
A - D e m a g l B - p T R M 

Fig, 6.45 - Site V40: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V40.12a NRM TRM 
ste|s (AAn) (A/m) 

20 4.930 0.000 
100 3.800 0.000 
150 3.740 0.045 
250 3.570 0.184 
300 3.530 0.193 
330 3.490 0186 
360 3.390 0.222 
390 3.260 0.233 
420 3.110 0 . ^ 
440 2.910 0.308 
460 2.750 0.527 
480 2.6S) 0.592 
500 0.794 
520 1.860 1.037 
535 1.230 1.174 
550 1.100 1.946 
565 0.812 2.596 
5«) 0.645 2.912 
5% 0.452 3.049 

a) 

0.0 
0.0 

MTt (A-B) • AO i m - Sample V40.12a 

0.5 1.0 1.5 2.0 
TRM (A/m) 

2.5 3.0 3.5 

ssnpte TanpCC) N f B b Fp^aeo(fiT) Ob 
V40.12a 150.535 13 0.489 0.866 8.546 -2.037 0.973 101.838 0.101 

535-595 5 0.178 0.739 1.102 -0.452 0.958 22.614 0.054 

NRM-Sample V40.12a 
9.0 1 9.0 
8.0 8.0 

7.0 7.0 

6.0 •g 6.0 

5.0 S 5.0 

4.0 t -
3.0 J 3.0 
2.0 ~ 2.0 

1.0- 1.0 
n n 0.0 0.0 

0 100 200 300 400 500 600 700 
Tempoature ("C) 

TRM - Sample V40.12a 

100 200 300 400 
Tempoature (°C) 

500 600 700 

b) C) 

Fig. 6.46- Site V40 a)NRM/rRM plot and respective valt^ b)NRM demagnetizatian and 
c)TRM acquisition carves. 
Tab. 6.23 - Site V40: Palaeofields estimated and statistical parameters 
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AD 1754 sample V40.12a 
C - D e m a g 2 D - p T R M c k 

S t e p 
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MTT<C-D) 
V40.12a NRM TRM 
steps (Ahn) (Aftn) 

20 0.000 oooo 
100 0.000 0.000 
IS) 3.730 0.156 
250 3.640 0.232 
300 3.52) 0.109 
330 3.540 0.111 
360 3.370 0.197 
390 3.240 0.215 
420 3.02) 0.238 
440 2.890 0.383 
460 2.670 0.402 
480 2.470 0.573 
500 2.210 0.507 
520 1.840 0.793 
535 1.450 1.218 
550 1.140 1.924 
565 0.869 2.497 
580 0.622 2831 
595 0.475 0.000 

a) 

MTT (C-0) • AD 1764 . Sampte V40.12a 

Tempre? N f ff 9 b Fp^aeo(fiT) <»i. 
V40.12a 150-52) 12 0.507 o.œo 4.371 -2888 0.898 144.402 0.295 

50^6«) 6 0.426 0.794 3.827 -0.638 0.9^ 31.897 O056 

F^. 6.48 - Site V40: a)NRM/TRM plot and respective values, b)NRM demagnetizatian and 
c)TRM acquisition curves. 
Tab. 6.24 - Site V40: Palaeofîelds estimated and statistical parameters 
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AD 1754 sample V41 . 7t> 
A - D e m a g l B - p T R M 
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MTT(A-B) 
V41.7b NRM TRM 
steps (Mm) (Mm) 

20 9.100 0.000 
100 7.090 0.000 
150 6.«» 0131 
250 6.BO0 0.365 
300 6.620 0.367 
330 6.5«) 0.417 
360 6.530 0.221 
390 6 . ^ 0.316 
420 6.100 0.410 
440 5.880 0.309 
460 5.570 0.624 
480 5.320 0.756 
500 4.550 1.379 
520 3 . ^ Z098 
535 1.800 2.655 
550 1.040 4.831 
565 0.720 5.141 
580 0.571 5.460 
595 0342 5.462 

MTT (A-B) - AD 17S4. Sanale V41.7b 

ZO 3.0 
TRM(Aftn) 

6.0 

sample Tempre) M f g «ï b R' Fpataeo(pT) 
V41.7b 150535 13 0.560 0.818 7.731 -1.935 0.982 96.761 Ol 15 

535-595 5 0.160 0.645 0.686 •0.480 0.933 24.024 0.072 

9.0 

6.0 

7.0 

5.0 

4.0 

3.0 

ZO 

1.0 

0.0 

NRM-Sample V41.7b 

0 100 200 300 400 500 600 700 
Temperature fC) 

9.0 

8.0 

7.0 

'6.0 

¡•5.0 

\ 4.0 

I 3.0 

2.0 

1.0 

0.0 

TRM-Sample V41.7b 

0 100 200 300 400 500 
T«np«ature rC) 

600 700 

b) e) 

Fig. 6.50 - Site V41 : a)NRM/TRM plot and respective values, b)NRM demagnetization and 
C}TRMl acquisition curves. 
Tab. 6.25 - Site V41 : Palaeofields estimated and statistical paramóos 
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AE> 1754 sample V41 . 7b 
C - D e m a g 2 D - p T R M c k 

Mmax = 6980 mA/m Mmax = 6850 mA/iu 

Fig. 6.51 - Site V41: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (C-D) 
V41.7b NRM TRM 
steps (A/m) (Aftn) 

20 0.000 0.000 
100 0.000 oooo 
150 6.980 0.208 
250 6.770 o.:ffi5 
300 6.«» 0.360 
330 6.700 0.383 
360 6.440 0268 
390 6.310 0.476 
420 6.000 0445 
440 5.710 0.643 
460 5.320 0772 
480 4.940 1.208 
500 4 . ^ 1.402 
520 3.170 1.972 
535 1.900 3.510 
550 1.010 4;833 
565 0.718 5.121 
580 0.483 5.331 
5% 0.327 OOC» 

a) 

MTT (C-O) - AD 1754 - Sampte V41.7b 

3.0 4.0 
TRM(Wm) 

6.0 

sampte Tempro» N f 0 « b R> Fpalaeo(MV 
V41.7b 150520 12 0546 0.843 7.648 -2125 0.964 106.242 o.ia 

500580 6 0544 0.738 5.635 -0.897 0.980 44.830 0.064 

F^. 6.52 - Site V41 : a)NRM/TRM plot and respective values, b)NRM demagnetization and 
c)TRM acqmsiticm curves. 
Tab. 6.26 • Site V41 : Palaeofîelds estimated and statistical paramétras 
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6.6-AD 1760 

6.6.1 - Site V32 

A-Demagl 

Intensity Behaviour - Initial N R M of sample 9B was 4080 mA/m (Fig. 6.53) and, by 

595°C, had been demagnetized almost completely. It showed an accelerating decrease in 

intensity with increasing temperature starting from 330°C. A small increase occurred at 

565°C (about 200 mA/m). 

Directional Behaviour - Both vertical and horizontal components moved towards the 

origin with a very hnear trend especially above 390°C. The vertical component showed a 

single downward marked excursion at 565°, followed by the previous trend. The Ine 

moved toward 90° above 565°C (Fig. 6.53). 

B-pTRM 

Intensity Behaviour - This showed a smooth decreasing trend from 3990 (20°) to 2080 

mA/m (535°C) that was quite sùnilar to Demagl. From 535 to 595°C the mtensity 

showed altemating significant increases (about 1000 mA/m between 535 and 565°C) and 

decreases. Finally the intensity was 3170 mA/m (Fig. 6.53). 

Directional Behaviour - The horizontal component moved toward the origin with a 

linear trend, but it showed an unelear direction above 565°C. The vertical component 

moved northwards, gradually away from the NEIM direction, until 565° when it started to 

move toward down. The Ine behaved as usuai (Fig. 6.53). 

Palaeointensity results from A-B - The N R M / T R M plot showed a hnear trend until 

520°C when points started to behave ahnost randomly (Fig. 6.54a). One vaine of the 

palaeofield were estimated (Tab. 6.27) and ali the anomalous points above 520°C were 

not considered (Fig. 54b,e). 
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C-Demag2 

Intensity & Directìoml Behaviours - This second demagnetization showed the same 

behaviours as in Demagl, but the spike at 565°C had a more significant downward 

direction, as shown by the vertical component and the Ine on the stereo plot (Fig. 6.55). 

D-pTRMck 

Intensity Behaviour - From 3930 (20°) to 2200 mA/m (520°C) the decreasmg trend 

was very similar to Demagl. From 520 to 550°C the intensity showed an merease (about 

1000 mA/m) followed by a small decrease imtil 595°C. At the end the mtensity was 3000 

mA/m (Fig. 6.55). 

Directional Behaviour- The horizontal component moved toward the origin with a 

linear trend, while the vertical one moved, as usuai, gradually away from the N R M 

direction, until 520°. After this, it moved clearly downwards until 550°C and then 

northwards again until the end (Fig. 6.55). 

Palaeointensity results from C-D - The N R M / T R M plot showed a concave curve (Fig. 

6.56a) and two slopes were defined (Tab. 6.28). 

6.6.2 - Site V34 

A-Demagl 

Intensity Behaviour - Sample 12A had an mitial N R M of 2210 mA/m and, by 595°C, 

was demagnetized almost completely. The mtensity decreased almost hnearly but showing 

three dififerent slopes; between 20 and 330°C, 360 and 440°C, and from 460 to 520°C. At 

565° a significant merease in intensity oceurred (Fig. 6.57). 

Directional Behaviour - Both the horizontal and vertical components showed an 

ahnost hnear trend until 330°C followed by a curving trend until 520°C. A significant 
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irregularity occurred at 565°C when the vertical vector moved toward a downward 

direction (Fig. 6.57). 

B-pTRM 

Intensity Behaviour - It showed a constant intensity (about 2000mA/m) between 150 

and 420°C followed by an hyperbolic increase until the end (595°C) when the intensity 

was 5090 mA/m. Two small but clear decreases were present at 535 and 580°C (Fig. 

6.57). 

Directional Behaviour - The horizontal coraponent moved clearly toward the origjn 

especially below 520°C. After, it showed a very miclear trend. The vertical component 

moved rapidly away from the N R M direction toward down. The stereo plot showed the 

usual gradual movement of the Inc toward 90° (Fig. 6-. 5 7). 

Palaeointensity resultsfromA-B - Some points above 520°C which appeared irregular 

in all the curves (Fig. 6.58a,b,c) were not considered. Two different valué of the 

palaeofield were obtamed (Tab. 6.29). 

C-Demag2 

Intensity Behaviour - At 150°C, the N R M was 1940 mA/m and, by 595°C, was 

demagnetized compíetely. The mtensity decay was similar to Demagl with the same 

small breaks at 360 and 440°C. A significant increase at 565° was also present (Fig. 6.59). 

Directional Behaviour - This showed the same behaviour as m Demagl although it 

was much more mdistmrt. The stereo plot showed the usual behaviour of botb Inc and 

Dec below 535°C, but above this temperature they behaved randomly (Fig. 6.59). 

D-pTRMck 
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Intensity & Directìonal Behaviows - The initìal N R M (100°C) was 2000 mA/m and, 

at the end of the process, it was 5260 mA/m. Both behaviours were very shnilar to p T R M 

(Fig. 6.59). 

Palaeointensity results front C-D - As m M T T A - B two slopes were showed by the 

N R M / T R M plot (Fig. 6.60a) excludmg the ùregular pomt at 550°C (Tab. 6.30). 

6.6.3 - Site V35 

A-Demagl 

Intertsity Behaviour - Initial N R M for sample 7A was 3610 mA/m (Fig. 6.61). It 

showed the usuai accelerating decrease in intensity startmg from 150°C and terminated at 

595°C, with some 11% stili remaining. A marked spike occurred at 565°C when the 

mtensity increased by about 400 mA/m. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origjn with a very hnear trend. The vertical one showed a single downward marked 

excursión at 565° as, also underhned by the Ine behaviour on the stereo plot (Fig. 6.61). 

B-pTRM 

Intensity Behaviour - The decreasmg trend, from 3530 to 1970 mA/m (535°C), was 

almost shnilar to Demagl, except for a minor diflferenee in deceleration rate. Between 535 

and 595°C the mtensity showed altemated significant inereases (about 1500 mA/m) and 

deereases. Finally it was 3660 mA/m (Fig. 6.61). 

Directìonal Behaviour - The horizontal component moved toward the origm with a 

hnear trend below 550°C, but above 580°C it moved elearly northwards. The vertical 

component moved gradually away from the N R M direction until 520°. After it showed a 
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zigzag behaviour with marked downward spikes. The same behaviour was underhned by 

the stereo plot (Fig. 6.61). 

Palaeointensity resalís from A-B - In the N R M / T R M plot some olear irregular points 

above 500°C, which also appeared in both N R M and T R M curves, were excluded (Fig., 

6.62a,b,c). Two different estimates of the palaeofield were considered (Tab. 6.31). 

C-Demag2 

Iníensiíy & Direcíional Behaviour - In this second demagnetization the behaviours 

were exactly the same as in Demagl, but the mcrease in intensity and the spike showed by 

the vertical component, at 535°C, were very marked (Fig. 6.63). 

D-pTRMck 

Iníensiíy Behaviour - The initial mtensity was 3540 mA/m (100°C) and decreased as in 

p T R M umil 520°C. From 520 to 550°C the mtensity showed a marked mcrease (about 

2000 raA/m) followed by a small decrease until 595°C. The final mtensity was 3600 

mA/m (Fig. 6.63). 

Direcíional Behaviour - The horizontal component was very shnilar to that one 

showed in pTRM. The vertical one showed a downward deflection between 520 and 

550°C followed by a northward movement at 565°C (Fig. 6.63). 

Palaeointensiíy resalís from C-D - As in M T T A - B , two slopes were defined (Fig. 

6.64a), but the vahíe at 565° , which was cleariy hregular on both the N R M and T R M 

curves, was excluded (Tab. 6.32). 
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AD 1760 sample V32.IO 
A - D e m a g l B - p T R M 

S c a l e 500 mA/m 

Fig. 6.53 - Site V32: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V32.10 NRM TRM 
Steps (A/m) (Ahn) 

20 4.080 oooo 
100 3.970 0.000 
150 3.%0 0.124 
^ 3.720 0.275 
300 3.680 0.198 
330 3.660 0.321 
360 3.510 0.441 
390 3.250 0.439 
420 3.040 0.537 
440 2.830 0.719 
460 2.580 0.794 
480 2.240 0.976 
500 1.810 1.119 
520 1.450 1.451 
535 1.080 1.215 
550 0.694 2526 
565 0.854 2474 
580 0.348 2393 
595 0.246 2979 

a) 

MTT (A-B) • AD1760 • Sanple V32.10 

565-
55Q 

580' 595* 

1.5 2.0 
TRM (Mm) 

2.5 3.0 3.5 

Trangen N t 0 0 b Fpalaeo(MT) 
V3210 150-520 12 0.615 0.%4 12786 -2002 0.982 100.106 0.085 

9.0 

8.0 

7.0 

"§"6.0 

h° 
» 4.0 
e 
^ 3.0 

2.0 

1.0 

0.0 

NRM-Sample V32.10 
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Temperature fC) 

9.0 

8.0 

7.0 

•56.0 

S5.0 

fo 
B3.0 

~2.0 • 

1.0-

0.0 

TRM-Sample V32.10 

0 100 200 300 400 500 600 700 
Tonperature (°C) 

b) c) 

Fig. 634 - Site V32: a)NRMTRM plot and respective values, b)NRM danagnetÌ2aticm and 
c)TRM acquisition cnrves. 
Tab. 6Jt7- Site V32: Palaeofields estimated and statisticd param̂ ers 
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AD 1760 sample V32.10 
C - D e m a g 2 D - p T R M c k 

K K 

- tù

i e 

- V « 

S c a l e 500 itiT^m 

Mmax = 3920 mA/m Mmax = 3930 mA/m 

o lOO 200 300 400 500 600 
Step 

Fig. 6,55 - Site V32: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V32.10 NRM TRM 
steps (Aftn) (Aftn) 

20 oooo 0.000 MTT (C-D) • AD - S a m p » V3Z.1D 
100 o . o n 0.000 4.S • 
150 3.920 0.342 4.0 

3.810 0.152 
4.0 

3O0 3.670 0.254 3.5 -
330 3.570 0.142 

3.0 
• 

360 3.460 0.407 3.0 

3S0 3.250 0.571 
a) 1 2-5 

420 2.960 0.518 a) 

440 2.800 0.673 i 2.0 
460 2500 0.741 1.5 
480 2200 0.845 

1.5 

500 1.770 i . t s i 1.0 : 
520 1.380 1.3tB 

0.5 • 
• 

535 1.010 1.879 0.5 • 

550 0688 2 7 t S 0.0 -550 2 7 t S 0.0 -
565 1.2K) 1.811 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
SBO 0.336 2757 TRMCAftn) 
595 0.214 0.000 

ssRipfe Tm^tCC) M f g g b Fpalaeo(MT) Ot. 
V 3 Z 1 0 » 0 - 5 ^ 12 0.714 0.892 8.152 -1.831 0.940 91.531 0.143 

480-580 7 0.476 0.476 1.829 -0.840 0.925 41 .%3 0.104 

Fig. 6.56 - Site V32: a)NRM/TRM plot and respective values, b)NRM dem êtizatiMi and 
c)TRM acquisition carves. 
Tab. 6.28 • Site V32: Palaeofìelds estimated and statistical parameters 
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Fig. 637 - Site V34: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(A-B) 
V34.12a NRM TRM 
steps {Mr) (AAn) 

20 Z210 0.000 
100 Z050 0.000 
150 1.980 O160 
250 1.810 O460 
300 1.660 0.527 
330 1.580 0.527 
360 1.570 0.707 
390 1.380 0.809 
420 1.130 1.020 
440 0.971 1.353 
460 0.918 1.548 
480 0.773 1.871 
500 0.477 2480 
530 0.191 3.184 
535 O.lfô 2819 
550 0.093 3.880 
565 0.403 3.841 
580 0.059 4.083 
595 0.041 5.073 

a) 

MTT (A-B) - AD 1760 - Sanqiie V34.12a 
2.5 

za 

•s-1.5 

!1.0 

0.5 

0.0 
0.0 

565« 

ZO 3.0 
TRM (Mm) 

5.0 

santjrie TempCC) N f 9 9 b Fpalaeo(MT) 
V34.12a 150-420 7. 0.385 0.783 2890 -1.007 0.946 50.334 0.105 

• 4 2 0 ^ 5 0.160 0.645 0.686 -0.480 0.977 24.024 0.933 
•œœhjcling 535,5œ 

NRM - Sample V34.12a 
9.0 

8.0 -
7.0 

Ê 6.0 I 5.01 

« 4.0 c 
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Tefflpoature C^) 
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b) c) 

Rg. 638 - Site V34: a)NRM/TRM ptot and respective values, b)NRM demagnetizidion and 
c)TRM »iquisition curves. 
Tab. 6.29 - Site V34: Palaeofields estimated and statistical parameters 
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AD 1760 saxcqpl& V34 . 12a. 

C - D e m a g 2 D - p T R M c k 

Fig. 6.59 - Site V34: Zijderveld diagrams. Intensity and stereo plots. 
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MTTfCHD) 
V34.12a NRM TRM 
Steps (Aftn) (Aftn) 
20 oooo 0.000 
100 0.000 0.000 
150 1.940 0.288 

1.810 0.295 
300 1.660 0.427 
330 1.600 0.456 
380 1.550 0.628 
390 1.310 0.737 
420 1.130 0.858 
440 0.993 1.087 
A60 0.832 1.439 
480 0.508 1.899 
500 0.279 2688 
520 0.136 2830 
535 0.139 3.135 
550 0.533 3.369 
565 0.033 4.315 
SSO 0.021 4552 
595 0.000 OOOO 

MTT (C-D) - AD 1760 • Sanqrie V34.12a 

sampfe N f 9 1 b r̂- • Fpalaeo(MT) Ob 
V34.12a 250-440 ' 7 0.421 0.794 4.015 -1.085 0.966 54.»3 O090 

4 2 0 ^ 7 0.511 0.773 5.725 -0.457 0.976 22.827 O032 

Fig. 6.60 - Site V34: a)NRM/rRM plot and respective vahies, b)NRM demagnetization and 
c)TRM acqnisition cnrves. 
Tab. 630 • Site V34: Palaeofields estimated and Statistical parametras 
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AD 1760 sample V35.7a 
A - D e m a g l B - p T R M 
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MTT (A-B) 
V3S.7a NRM TRM 
steps (AAn) (Aftn) 

20 3.610 0.000 
100 3.seo O.OX) 
150 3.500 0174 
250 3.460 0.157 
3O0 3.400 0.139 
330 3.370 0.200 
360 3 . ^ 0.313 
390 3.160 0.362 
42) 3.020 0.277 
440 2.880 O420 
460 2.760 0.456 
480 2.580 0.564 
500 2.370 0.658 
520 2.020 0.973 
535 1.550 0.607 
550 0.914 2.943 
565 1.330 2 . ^ 
580 0.592 1.486 
595 0431 3.469 

a) 

MTT (A-B) - AD 1760 - Sampie V35.7a 

0.0 
0.0 1.0 2.0 3.0 

TRM (A/m) 
4.0 

sampte TanpCC) N f 9 9 b r' Fpabeo(pT) 
V35.7a 150-520 12 O410 0.872 4.812 -1.923 0143 96.159 19.984 

•500«% 4 0.537 0.580 4.744 •O.650 0.043 32.511 6.853 
•eedufir^ 535,565,580 

I 

9.0 

8.0 

7.0 

6.0 

S.O 
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Tonperature fC) 

b) 
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S 3.0 
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TRM-Sampie V35.7a 
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Temperature (°C) 

c) 

Fig. 6.62 - Site V35: a)NSM/TRM plot and respective values, b)NRM demagnetizatkni and 
c)TRM acquishion curves. 
Tak 631 - Site V3S: Palaeofields estimated and stalistical paiameteis 
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AD 1760 sampl 
C—Demag2 

e V35 . 7a 
D - p T R M c k 

S c a l e 1000 mA/m 

Mmax = 35 00 mA/m Mmax = 3910 mA/m 

Fig. 6.63 - Site V35: Zijderveld diagrams. Intensity and stereo plots. 

239 



MTT(C-D) 
V35.7a NRM TRM 
steps (AAn) (Aftn) 

20 oooo 0.000 
100 o.ooo 0.000 
150 3.500 0.220 
250 3.470 0144 
300 3.410 0.147 
330 3.290 0.076 
360 3.280 0.271 
390 3.070 0.293 
420 2.90) 0.249 
440 2.840 0443 
460 Z720 0.497 
480 2.570 0.460 
500 2.300 0.717 
520 1.920 0.902 
535 1.420 1.620 
550 0.950 3.311 
565 2.6«) 1.335 
580 0.527 3.273 
595 0.388 0.000 

a) 

MIT (C-D) - AD 1760 - Sampie V36.7a 

1.5 2.0 2.5 

TRM(Aftn) 
3.5 

santple Tempre) N f a 1 b Fpalaeo(MT) 
V35.7a K)0-520 10 0426 0847 3.761 -1.848 0.923 9Z404 0177 

•^0-580 4 0398 0665 1.154 -0.497 0.898 24.848 0.114 
' exduding 565 
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c) 

Flg. 6.64 • Site V3S: a)NRM/TRM plot and respective values, b)NRM demagnetizadon and 
c)TRM acquisition curves. 
Tab. 632 - Site V3S: Palaeofields estimated and statistical paiameters 
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6.7-AD 1806 

6.7.1 - Site 24 

A-Demagl 

Intensity Behaviour - Initial N R M (20°C) of sample 5A was 5370 mA/m, but at 100°C 

h was 4110 mA/m. After it showed a smooth decrease until 520°C followed by a small 

linear tail until 595°C, when the intensity had been completely demagnetized. There were 

two small deflections at 400 and 480°C (Fig. 6.65). 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origm with a very hnear trend. The Ine as shown by the stereo plot, moved shghtly 

toward 90° above 500°C (Fig. 6.656). 

B-pTRM 

Intensity Behaviour - It showed a eonstant mtensity (about 4000mA/m) between 100 

and 300°C followed by a hnear deerease until 460°C when the intensity was 2990 mA/m. 

After it showed a significant merease (4520 mA/m) until 535°C followed by another hnear 

deerease until the end (595°C) (Fig. 6.65). 

Directìonal Behaviour - The horizontal eomponent moved toward the origm espeeially 

below 520°C. After this, its trend was very unclear. The vertical eomponent moved 

toward the origin imtil 460°C then, it moved away from the N R M direction toward down. 

From 535°C it moved upwards (Fig. 6.65). 

Palaeointensity results from A-B - A l i the pomts above 535°C behaved uregularly as 

shown by the N R M / T R M plot and by both the demagnetization and acquisition curves 

(Fig. 6.66a,b,e). Two different slopes up to that temperature were defined (Tab. 6.33). 

C-Demag2 
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Intemity Behaviour - At 150°C, the N R M was 4090 mA/m and, by 595°C, was 

demagnetized completely. The mtensity decay was sunilar to Demagl with a break at 

480°C (Fig. 6.67). 

Directìoml Behaviour - It showed the same behaviour as in Demagl but the vertical 

component showed a clear deflection at 480°C (Fig. 6.67). 

D-pTRMck - Intemity & Directional Behaviours 

The mitial N R M behaved ahnost sunilarly as m pTRM. At 100°C it was 4150 mA/m 

and, at the end of the process, it was 3670 mA/m. The vertical component moved shghtly 

away from the N R M until 480°C. Between 480 and 520°C it showed a clear movement 

downward foUowed by an upwards one Until 580°C (Fig. 6.67). 

Palaeointensity results from C-D - The behaviour was sùnilar to A - B and, up to 

520°C, two slopes were considered (Tab. 6.34). A l i the point above that temperature 

were excluded as also the vaine at 480° which was cleariy anomalous on ali the curves 

(Fig. 6.68a,b,c). 

6.7.2 - Site 25 

A-Demagl 

Intensity Behaviour - Sample 1 had a low initial N R M (1970 mA/m) and showed a 

very unusual trend. In fact it showed: a hnear decay until 150°C; a marked convex trend 

until 400°C; agam hnear until 460°C; a significant mcrease (about 200 mA/m) at 480°C 

followed by a very steep linear decay until 535°C; a small tail between 535 and 595°C 

when the mtensity had been completely demagnetized (Fig. 6.69). 

Directional Behaviour- Both horizontal and vertical components showed an ahnost 

hnear trend toward the origm, below 500°C. After they behaved quhe randomly, as also 
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shown by the stereo plot (Fig. 6.69). The vertical component showed a significant 

hregularity at 480°C when the total vector moved toward a downward direction. 

B-pTRM 

Intensity Behaviour - It showed a Constant intensity (about 2000niA/m) between 150 

and 440°C followed by a hyperbohc increase until 580°C when the intensity was 9030 

mA/m (Fig. 6.69). The process ended (595°C) whit a small decrease. 

Directional Behaviour- The horizontal component moved cleariy toward the origjn 

especially below 520°C, but after it showed an unclear trend. The vertical component 

moved rapidly away from the N R M direction toward down. The stereo plot showed the 

usuai graduai movement of the Ine toward 90° (Fig. 6.69). 

Palaeointensity results from A-B - The T R M curve showed a very steep merease m 

mtensity above 535°C (Fig. 6.70e). A suspieious behaviour was also notieed on the 

N R M / T R M above the same temperature (Fig. 6.70a). Two different vaine of the 

palaeofield were considered (Tab. 6.35) exeludmg ali the anomalous pomts mentioned 

above and also the vaine at 480°C. 

C-Demag2 

Intensity Behaviour - In this second demagnetization, started at 150°C, the ^ fRM was 

1620 mA/m and, by 550°C, was demagnetized eompletely. The mtensity decay showed a 

shallow hnear decay between 150 and 330°C, followed by a much more steeper hnear 

decay until 440°C. A significant merease occurred between 440 and 480°C, followed by a 

steep hnear decay, until 520°, tenmnatmg with a small tail at 595° (Fig. 6.71). 

Directional Behaviour - The horizontal component showed an almost linear trend 

especially below 520°C. The vertical component moved northwards between 150 and 
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330°C then toward the origin until 440°C when a spike downward occurred. From 480°C 

it moved again toward the origm (Fig. 6.71). 

The stereo plot showed a good consistency m Dec until 535°C while the Inc had a 

gradual, but not clear movement toward 90°. 

D-pTRMck 

Intensity & Directional Behaviours - Both were similar to those showed by p T R M 

(Fig. 6.71). 

Palaeointensity results from C-D -Two different valué of the palaeofield were 

considered (Tab. 6.36) excluding points which showed irregular behaviour on the 

N R M / T R M plot above 565°C (Fig. 6.72a) and also some points which appeared cleariy 

irregular on the >íRM curve (Fig. 6.72b). 

6.8-AD1839 

6.8.1 - Site 42 

A-Demagl 

Intensity Behaviour - The mitial N R M m sample 6B was 6590 mA/m but at 100°C it 

dropped down to 4930 mA/m. It stayed constant until 330° when h showed the usual 

accelerating decrease (Fig. 6.73). This terminated with a linear tail and, by 595°C tí. had 

been demagnetized ahnost completely (some 5% of initial N R M still remaming). A small 

irregularity was present at 520°C. 

Directional Behaviour - Both components moved towards the origin with a very hnear 

trend especially above 480°C (Fig. 6.73). 

B-pTRM 

244 



Intensity Behaviour - It was the same as in Demagl from 5000 (100°C) to 3850 mA/m 

(520°C), except for a significant deflection occurred between 440 and 500°C. Above 

535°C the mtensity mcreased significantly (about 1500 mA/m) and, at the end, it was 

5310 mA/m (Fig. 6.73). 

Directíonal Behaviour - The horizontal component moved toward the origin with an 

ahnost linear trend until 535°C. Above this it showed a small-curved westward deflection 

but terminating at 595°C toward the origm. The vertical component moved gradually 

away from the N R M direction but, at 535°C tí. showed a marked downward spike (Fig. 

6.73). This behaviour was also underhned by the stereo plot, where the Dec shghtly 

changed above 535°C. while the Inc moved towards 90°. 

Palaeointertsity resalís from A-B - The N R M / T R M plot showed three diflferent slopes 

(Fig. 6.74a) thereftjre three valué of the palaeofield were determined. Both N R M and 

T R M curves (Fig. 6.74b,c) behaved ahnost regularly, although some points (Tab. 6.37) 

were considered irregular when the slope, referred to as [c], was defined. 

C-Demag2 

Intensiíy & Directíonal Behaviour - The two behaviours were similar to Demagl, 

except for a small úregularity at 330°C. The mitial N R M (150°C) was 4990 mA/m (Fig. 

6.75). 

D-pTRMck 

Iníensiíy & Directíonal Behaviour - It was very shnilar to pTRM. The initial N R M 

was 5040 mA/m (100°C); the mtensity started to increase at 520°C, when it was 2820 

mA/m; finally (595°) the mtensity was 5240 mA/m (Fig. 6.75). 

Palaeoiníensity resulís from C-D - Three different valué of the palaeofield were 

determmed (Fig. 6.76a). As in M T T A - B , N R M and T R M curves (Fig. 6.76b,c) behaved 
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almost regularly, but two points (Tab. 6.38) were considered irregular when defining the 

slope referred to as [c]. 

6.8.2 - Site 43 

A-Demagl 

Intemity Behaviour - Sample 13B showed an initial N R M , at 20°C higher then at 

100°C. In fact the mtensity was 6300 mA/m and, the next step, it dropped down of about 

1400 mA/m. Starting from 330°C it showed an accelerating decrease (Fig. 6.77) 

terminating with a small convex tail. At 595°C, there was some 3% of initial N R M stili 

remaming. A small irregularity occurred at 480°C. 

Directìonal Behaviour - Both vertical and horizontal components moved towards the 

origm with a linear trend above 480°C, but they showed small hregularities below this 

temperature (Fig. 6.77). 

B-pTRM 

Intensity Behaviour - It showed a general sballow decreasing trend, from 4940 

(100°C) to 4200 mA/m (520°C). A small convex deflection between 250 and 440''C and a 

small spike at 480°C, were present. Above 520°C the mtensity showed a significant 

mercase (about 1400 mA/m). From 550°C it stayed mostly Constant and, at the end 

(595°C) was 5790 mA/m (Fig. 6.77). 

Directìonal Behaviour - The horizontal component moved hnearly toward the origjn 

between 330 and 535°C but from 440°C it moved shghtly westwards. At 565°C a marked 

westwards spike occurred followed by a linear trend toward the origin, but without 

reaching it. The vertical component moved gradually away from the N R M direction but it 

showed a zigzag trend between 360° and 500°C. At 535°C a marked downward spike 
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occurred followed by an almost linear trend toward north. The Inc moved towards 90° 

rapidly from 500°C (Fig. 6.77). 

Palaeointensity resalís from A-B - Two different valúes of the palaeofield were 

considered excludmg all the points below 390°C, which appeared anomalous on the 

N R M / T R M . Some other valúes were excluded when interpreting the second slope (Tab. 

6.39) although they did not appear clearly irregular on both N R M and T R M curves (Fig. 

6.78b,c). 

C-Demag2 

Intensity & Directional Behaviour - The mitial N R M (150°C) was 4770 mA/m. Above 

this the two behavioiu-s were very similar to Demagl, except for a httle irregularity at 

330°C and for the tail that was less convex (Fig. 6.79). 

D-pTRMck 

Iníensiíy Behaviour - The initial intensity was 4860 mA/m (100°C) and behaved 

similarly to pTRM but between 460 and 500°C it showed a more significant decrease (as 

m Demagl). After the mariced mercase to 535°C the mtensity was 5440 mA/m (Fig. 

6.79). 

Directional Behaviour - It was almost similar to that one showed in p T R M but 

between 460 and 500°C the vertical vector, moved clearly upward (Fig. 6.79). 

Palaeoiníensiíy resulís from C-D - Two different valúes of the palaeofield were 

considered (Fig. 6.80a,Tab. 6.40). Both N R M and T R M curves did not show any 

particular hregularity (Fig. 6.80b,c). 

6.8.3 - Site 44 

A-Demagl 
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Intensity Behaviour - Sample 6A had an initial N R M of 2350 mA/m but, by 100°C it 

dropped down to 1690 mA/m.. It stayed steady below 330°C then it started to decay 

almost linearly until 535°C when it showed a small concave tail and, by 595°C had been 

demagnetized completely. A marked spike occurred at 480°C when the mtensity increased 

of about 1200 mA/m (Fig. 6.81). 

Directìonal Behaviour - The horizontal component moved toward a southeast 

direction below 250°C then it moved toward the origin but with a very unclear trend (Fig. 

6.81). The vertical component moved downward, clearly away from the origin, below 

250°C then it changed drastically direction moving toward the origm. A marked 

downward spike occurred at 480°C but after this it moved again toward the origm 

although with a random trend. The general unclear trend was clearly shown by the stereo 

plot. 

B-pTRM 

Intensity Behaviour - At 100°C the intensity was 1660 mA/m and showed a shallow 

mcrease below 360°C.. After it decreased until 440°C when it was 888 mA/m. Above this 

point there was a very steep increase until the end of the process (595°C) where the 

intensity was 9300 mA/m. Al i the mcreases and decreases occurred were almost hnear 

(Fig. 6.81). 

Directìonal Behaviour - The horizontal component showed several diflFerent trends. In 

fact it moved; toward a southeast direction below 360°C; toward the origin until 440°C; 

toward west until 500°C; again Xovmd the origin until 535°C. Above this temperature it 

behaved randomly. The vertical component moved downward until 360°C, then toward 

the origm until 440°C. After it moved clearly downward. The stereo plot showed a 

gradually movement of Ine toward 90° although unclear (Fig. 6.81). 
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Palaeointensity resalís from A-B - Some points in the médium range of temperaíure, 

which appeared irregular in all the curves, (Fig. 6.82a,b,c) were not considered as also 

valúes above 550 °C. The N R M / T R M plot showed a quite anomalous behaviour and two 

possible slopes were considered (Tab. 6.41). 

C-Demag2 

Iníensiíy Behaviour - The mitial N R M (at 150°) was 1670 mA/m and stayed ahnost 

constant until 300°C when it decayed linearly until 440°C. A small increase occurred at 

460°C followed by another linear trend terminating with a small tail (Fig. 6.83). 

Direcíional Behaviour- Both the horizontal and vertical components moved toward 

the origin with a very imclear trend. The stereo plot showed a random behaviour of Dec 

and Inc above 520°C (Fig. 6.83). 

D-pTRMck 

Iníensiíy Behaviour- It was exactly the same as m pTRM. The mitial mtensity was 

1740 mA/m and, at 595°C it was 9640 mA/m (Fig. 6.83). 

Direcíional Behaviour- The horizontal showed a general unclear trend toward the 

origm below 460°C. After h showed two marked northward spike at 480 and 550°C. The 

vertical component moved away from the N R M dhection with a zigzag trend below 

460°C then it moved clearly downward. A i 595°C, a marked upward spike occurred, as 

also shown by the Inc behaviour (Fig. 6.83). 

Palaeoiníensiíy resalís from C-D - The N R M / T R M plot showed two difFerent slopes 

(Fig. 6.84a). No pomts were excluded (Tab. 6.42) although both N R M and T R M curves 

(Fig. 6.84b,c) did not show clear behaviours. 
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MTT(C-D) 
V24.5 NRM TRM 
stsps (Ma) (Aftn) 

20 0.000 0.000 
100 0.000 0.000 
150 4.030 0.137 
250 3.92) 0.108 
300 3.790 0.217 
330 3.600 0.152 
360 3.300 0.293 
390 2.990 0.347 
420 2.660 0.468 
440 2340 0.684 
460 2120 1.087 
480 2050 0.583 
500 1.070 262) 
520 0.425 4.117 
535 0.330 4.036 
530 0.211 4.052 
565 0.140 3.971 
5«) 0.098 3.577 
395 0.000 O.OCX) 

a) 

4.5 

MTT (C-0) - AD 1808 -Sampie V24.8 

520" 

2.0 3.0 
TRM(AAn) 

5.0 

sampfe | Tetnp(V) N f g g b Fp^aeo(MT) 
V24.5 300-52) 8 0.428 0.843 2935 -3.194 0.911 159.697 0393 

i ' 4 2 0 ^ 5 0.546 0.666 4.952 -0.607 0.984 30.358 0.045 
''axduding480 
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6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 

NRM-sampleV24.5 
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T«nperature fC) 

b) 

9.0 

8.0 

7.0 

-*8.0 

i f 5.0 

£¡4.0 

E 2.0 

1.0 

0.0 

TRM-sampie V24.5 
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Temperature f>C) 

c) 

Fig. 6.68 - Site V24: a)NRM/TRM plot and respective values, b)NRM demagnetization and 
c)TRM acquisition cnrves. 
Tab. 634 - Site V24: Palaeofields estimated and stadstical parameters 
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AD 1806 sainpl« 

C - D e m a g 2 

V24 . 5 
D - p T R M c k 

i r 

S c a l e = 1000 mA/m 
S c a l e = 500 laA/m 

Mmax'= 4 090 mA/m Mmax = 4 500 mA/m 

Fig. 6.67 - Site V24: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(A-B) 
V24.5 NRM TRM 
steps (Aftiì) (A/m) 

20 5.370 oooo 
100 4.110 oooo 
150 4.090 0146 

3.880 0.278 
300 3.590 0.523 
330 3.590 0.336 
360 3.350 0.432 
390 3.060 0.477 
420 2.730 0.613 
440 24O0 0655 
460 2.100 1.030 
460 2.080 1.397 
500 1.140 Z411 
520 0.408 4.(S7 
535 0.3^ 4.229 
550 0.214 4.202 
565 0.188 4.052 
580 0.129 3.916 
595 0.053 3.688 

a) 

MTT(A-B)-AD1806-Sampte V24.5 

2.0 3.0 
TRM(Aftn) 

4.0 6.0 

sampie TmipCCi N f S Q b Fpalaeo(pT) 
V24.5 150-460 9 0371 0.854 Z220 -2639 0.863 131.932 0376 

440^6^ 6 0.386 0.648 3.903 - 0 . ^ 0.987 29.491 O038 

9.0 
8.0 
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g 4.0 
S 3.0 
~ 2.0 

1.0 
0.0 

NRM-Sample V24.5 

0 100 200 300 400 500 600 700 
Tempoature (°C) 

b) 

9.0 

8.0 -

7.0 

•g 6.0 

S.S.0 

t -
§ 3.0 H 

~ 2.0 
1.0 ^ 
0.0 

TRM-Sampie V24.5 

0 100 200 300 400 500 600 700 
Temperature fC) 

Fig. 6.66 • Site V24: a)NRM/TRM plot and req)ective valnes, b)NRM dranagnetization and 
G)TRM acqnisition curves. 
Tab. 6.33 - Site V24: Palaeofìelds estimated and statistical parameters 
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Fig. 6.69 - Site V25: Zijderveld diagrams. Intensity and stereo plots. 
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MTTÍA-B) 
V25.1 NRM TRM 
steps (Aftn) (Aftn) 

20 1.970 
100 1.650 
150 1.520 0.297 
250 1.430 0.607 
300 1.393 0.822 
330 1.330 O.K)1 
360 1.210 0.946 
390 1.080 1.003 
420 0.862 I.K» 
440 0.733 1.297 
460 0.711 1.921 
480 0.982 Z207 
500 0.647 Z749 
520 0.277 4.128 
535 0.126 6.174 
550 0.106 7.889 
565 0.118 8.766 
580 0.063 8.971 
595 0.015 8.444 

a) 

1.8 

MTT(A-B)-AD1806-Sample V26.1 

535-

4.0 6.0 
TRM(A/ni) 

8.0 10.0 

N f 9 b fp^aeo(tiT) Oí. 
V».1 Ä0-440 7 0.354 0.793 Z160 -1.195 0.918 ra.751 0155 

•420535 6 0.374 0.666 2146 -0.149 0.947 7.436 0.017 
•exdudir̂  480 

NRM-Sample V2S.1 

0 1(KI 200 300 400 500 600 700 
Temperature (*C) 

TRM-Sample V25.1 

o 100 200 300 400 500 
Temperature ("C) 

700 

b) c) 

Fig. 6.70 - Site V25: a)NRM/TRM plot and respective vahes, b)NRM demagnetizaíion and 
c)TRM acquisiticm curves. 
Tab. 635 - Site V2S: Palaeofields estimated and statistical parametes 
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U p p e r 
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MIT (C-D) 
V25.1 NRM TRM 
steps (AAn) (A/m) 

20 0.000 0.000 
100 o.a» 0.000 
150 1.620 0198 
250 1.540 0.456 
300 1.520 O570 
330 1.510 0.525 
360 1.280 0.671 
390 1.040 1.021 
420 0.832 1.373 
440 0.750 1.695 
460 0.914 1.981 
480 i.oa) 1.928 
500 0.721 2.699 
520 0.308 5.748 
535 0 . ^ 8.175 
550 0.132 9.(ST 
SBS 0.084 9.010 
580 0.045 8.345 
595 0.000 0.000 

a) 

1.S 
MTT (C-0) - AD 1806 - Sanqite V2S.1 

4.0 6J> 
TRM(Atal) 

10.0 

sample TanpCC) N f a 9 b Fpalaeo(nT) 
V25.1 »0-420 6 0.437 0.692 3.114 -0.829 0.950 41.434 O081 

•420-565 9 0.462 0.300 1.140 -0.111 0.968 5.549 0.013 
•exdutfing 460.480 

10.0 
9.0 
8.0 

^ 7.0 
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4.0 
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1.0 
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b) 

Fig. 6.72 - Site V25: a)NRM/TRMplot and re^tive valnes, b)NRM danagnetization and 
c)TRM acqnisition curves. 
Tab. 636 - Site V2S: Palaeofields estimated and statistical parametos 
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AD 1839 sajnple V42 . 6t> 
A - D e m a g l B - p T R M 

N N M » 

S c a l e 1000 mA/m 

Fig, 6,73 - Site V42: Zijderveld diagrams. Intensity and stereo plots. 
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MTT (A-B) 
V42.6b NRM TRM 
steps (AAn) (AAn) 

20 6.590 0.000 
100 4.960 0.238 
ia) 4.920 0.243 
250 4.840 0.285 
300 4.830 0.207 
330 4.820 0.224 
3S0 4.710 0.259 
^ 4.570 0251 
420 4.450 0.307 
440 4.300 0.312 
460 4.110 0.610 
480 4.130 0519 
500 3.420 1.048 
520 2.210 1.816 
535 1.(»0 Z929 
550 0.841 4.457 
565 07(» 4.699 
380 0.576 4.884 
595 0 . ^ 5.021 

a) 

6.0 

5.0 

4.0 

ZO 

1.0 

0.0 

MTT(A-B)-A01839-Sampte V42.6b 

W 5 0 0 - \ . 

520- \ X . 

535* 
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TRM<A/m) 

5.0 6.0 

N f 9 b Fpalaeo(ftT) 
V42.6b [a]30O440 6 0.080 0.755 0356 -4.973 0.887 248.658 0848 

[bj 440535 6 0.489 O ^ 7.027 -1.299 0.^1 64.964 0062 
[c] •420595 7 0.625 0.362 16.448 -0.844 0.999 4Z191 0.012 

•exducfing 4a),500,52D.535 
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c) 

fig. 6.74 • Site V42: a)NRM/TRM plot and respective valoes, b)NRM demagnetization and 
c)TRM acquisiticm curves. 
Tab. 637 - Site V42: Palaeofields estimated and statistical parametos 
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AD 1839 sanrple V42 . 61> 
C - D e m a g 2 D - p T R M 

S c a l e 1000 mA/m 

Fig. 6.75 - Site V42: Zijderveld diagrams. Intensity and stereo plots. 
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NRM TRM 
steps (Aftn) (A/m) 

20 0.000 0.000 
100 0.000 0.000 
i a 4.990 0.222 
250 4.660 0.186 
300 4.830 0.220 
330 4.890 0.078 
360 4.710 0.261 
390 4.530 o.2œ 
420 4.440 0.303 
440 4.270 0.396 
460 4.070 0.329 
480 3.810 0.654 
500 3.440 0.567 
520 2.2B0 1.191 
535 1.260 3.686 
550 0.«)9 4.492 
565 o.m 4.570 
580 0.486 4.814 
3^ 0.000 OOOO 

a) 

6.0 

0.0 

MTT (C-D). AD 1839 • Saiq>ieV42.«b 

5.0 -
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1-3.0 • 
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14) 
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sanipfe N f g 9 b Fpalaeo(ftT) 
V4Z6b [a] 150-520 12 1.685 0.764 15.373 -2637 0931 131.861 0221 

[b] 52)580 5 1.095 0.613 7.108 -0.462 0.973 23.(»7 0044 
6 2.212 0.472 36.186 -0.788 0.9St7 ^.396 0.023 

' «cdudjng 500,520 

9.0 

8.0 
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fojj 
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!« 
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Temperature (°C) 

9.0 
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T«np«ature (°C) 
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b) C) 

Fîg. 6.76 - Site V42: a)NRM/TRM plot and regjective vaines, b)NRM demagnetization and 
c)TRM acquisition curves. 
Tab. 638 - Site V42: Palaeofîelds estimated and statistical páramelos 
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MTT(A-B) 
V43.13b NRM TRM 
Steps (Artn) 

20 6.300 oooo 
100 4.880 0.097 
150 4.850 0.098 
250 4.690 0.378 
300 4 . ^ 0.307 
330 4.670 0.2^ 
360 4.530 0277 
390 4.400 0.228 
420 4.270 0.296 
440 4.100 O250 
460 3.900 0.632 
480 3.980 0.607 
500 3.2D0 1.183 
520 1.550 2.906 
535 0.899 4.138 
550 0.876 4.876 
ses 0.730 5.019 
580 0.573 5.264 
595 0.224 5.595 

a) 

MTT (A-B) - A01839 - Sanqiie V43.13b 
6.0 

0.0 
OJO 1.0 2.0 3.0 4.0 

TRM(AAn) 
5.0 6.0 

sample Tempm N f 0 0 b R« Fpalaeo(pT) 
V43.13b 39OS20 T 0.452 0579 5.743 -1.039 0.990 51.940 0.047 

•390-595 9 0.663 0.433 16.932 -0.739 0.998 36.972 0.013 
•exdudii^ 500,520.535 

NRM-Sample V43.13b 
9.0 1 9.0 -I 
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"Ê 6.0 •g 6.0 • 

1 4.0 

§ . 5.0 • 

1" 
1 3.0 . | 3.0 

2.0 \ ~ 2J0 
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0.0 — , — , — , — , — ^ - V — 0.0 -
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Tonperature (°C) 
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Temp«ature (X) 
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b) C) 

Fig. 6.78 - Site V43: a)NRM/TRM plot and req>ective values, b)NRM dranagnetization and 
c)TRM acquisitK»! curves. 
Tab. 639 - Site V43 : Palaeoñelds estimated and statistical parametos 
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AD 1839 sample V43 . 13t» 
C - D e m a g 2 D - p T R M c k 

S c a l e 1000 mA/m 

Mmax = 4 770 mA/m Umax = 5760 mA/m 

Fig. 6.79 - Site V43: Zijderveld diagrams. Intensity and stereo plots. 
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1 MTT (C-D) 
NRM TRM 

steps (AAn) (A/m) 
20 oooo 0.000 
100 0.000 0.000 
150 4.770 0.112 
250 4.690 0.164 
300 4.640 0.Ä7 
330 4.700 o.œe 
360 4.550 0.323 
390 4.380 0.251 
420 4.240 0.345 
440 4.070 0.421 
460 3.860 0.568 
480 3.730 0.515 
500 3.210 0.927 
520 1.540 3.266 
535 1.060 4.621 
550 0.901 4.795 
565 0.768 4.863 
580 0.446 5.396 
595 0.000 OOOO 

a) 

6.0 

0.0 

MTT (C-0) • AD 1839 - SsstqAe V43.13b 

0.0 1.0 2.0 3.0 4.0 
TRM(AAn) 

5.0 6.0 

sample TempCC) N f g g b Fp^aeo(pT) 
V43.iaj 150500 11 0327 0.818 2.971 -Z012 0.996 100 580 0181 

480-580 7 0.688 o.œi 9.272 -0.643 0.984 32.144 0.033 

b) c) 

Fig. 6.80 - Site V43 : a)NRMyTRM plot and respective values, b)NRM demagnetizatian and 
c)TRM acquisition carves. 
Tab. 6.40 - Site V43: Palaeofields estimated and statistical parameters 
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AD 183 9 sampi 
A - D e m a g l 

e V44 . 6a 
B - p T R M 

S c a l e 500 mA/m 

- « ^ — ^ 

S c a l e 2000 inA./in 

Mmax = 2350 mÄ/m Mmax = 9300 mA/m 

Fig. 6.81 - Site V44: Zijderveld diagrams, Imensity and stereo plots. 
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MTT(A-B) 
V44.6a NRM TRM 
steps (A/m) (Aftì,) MTT (A-B) - AD18S9 • Saiqile V44.6a 

20 Z350 oooo 2.0 ' 
100 1.690 0179 1.8 • 
150 1.610 0.2)4 

1.8 • 
*480* 

1.710 0.372 1.6 

300 1.640 0.751 1.4 
330 1 570 OK8 

1.4 

360 1.320 1.(65 «.1.2 ^ \ 390 1.150 0398 a) 
420 0795 0.457 

a) 
\ 

440 0.654 0.483 « 0 . 8 ^420* \ 

460 0464 2.106 
0.6 * \ 4&) 1.730 1.317 0.6 

440» \ 
500 0325 3.705 0.4 1 
520 0.117 4.834 

0.2 -535 0.058 5.837 0.2 -

550 0.042 7.568 nn . 
565 OO^ 8.453 0.0 2.0 4.0 6.0 8.0 10.0 
580 O035 9.022 Tiaa(A/m) 
595 O042 9.306 

Tiaa(A/m) 

sampie T&npCC) N f g g b Fpalaeo(pT) 
V44.6a •»0-460 5 0.530 0.481 2.483 -0.748 0.970 37.385 O077 

-460-535 4 0.173 0.599 0.820 -0.117 0.968 5.864 0.015 
•exduding 390.420.440 

••exdiiding 480 

NRM-SampleV44.6a 
10.0 ^ 
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8.0 8.0-

« • 7.0 7.0-
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5» 5.0 
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5 5.0 

i S 4.0 
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2.0 » ^ * 2.0 
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0.0 . ^-r-. ^ S I I M I 0.0 
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Temperature (X) 
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0 100 a n 300 400 500 600 700 
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Fig. 6.82 - Site V44 : a)NRWrRM plot and respective values, b)NRM donagnetization and 
c)TRM acquisiticm curves. 
Tab. 6.41 - Site V44: Palaeofields estimated and statistìcal parametê  
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AD 1839 sainple V44 . 6a 
C - D e m a g 2 D - p T R M c k 

N K 

S c a l e 5000 mA/m 

Mmax = 1 7 4 0 mA/m Mmax = 9 650 mA/m 

C o r e 
C o o r d i n a t es 

Fig. 6.83 - Site V44: Zijderveld diagrams. Intensity and stereo plots. 
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MTT(C-D) 
V44.6a NRM TRM 
Steps (Aftn) (Mm) 
2a 0.000 0.000 
100 0.000 0.000 
150 1.670 0.524 
250 1.680 0.453 
WO 1.740 0.568 
330 1.640 0.683 
360 1.370 0.607 
390 1.020 1.090 
420 0.638 1.493 
440 0.571 1.964 
460 0.661 Z190 
480 0.584 3.140 
500 0.470 4.248 
520 0.147 6.4«} 
535 0.134 7.765 
550 0.088 8.848 
5^ 0.061 9.4^ 
580 0.036 9.649 
595 0.000 O.OCX) 

a) 

MTT (C-EQ • A01839 • Sample V44.6a 

6.0 
TRM(A/in) 

10.0 12.0 

sampte TempCC) M f 9 g b R* Fptìaeo(pT) 
V44.te 150-440 8 o.œ8 0.702 3.670 -0.884 0.907 44.210 Ol l i 

480-580 8 0.375 0.676 2.884 -0.087 0.954 4.343 O008 

b) c) 

Fig. 6.84 - Site V44: a)NRM/TRM plot and req>ective values, b)NRM dem êtization and 
c)TRM acquisiticHi curves. 
Tab. 6.42- Site V44: Palaeofields estimated and statistical parameters 
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Chapter VII 

Microwave Palaeointensity Propertíes 

7.1 Introduction 

In this chapter, the palaeointensity propertíes of samples submitted to microwave 

experiment will be discussed. As described in section 3.4b, the N R M direction is that 

obtained after few demagnetising step at low power, and in "the perpendicular field 

palaeointensity method" (ffill, 2000, Kono & Ueno, 1978; Hül & Shaw, 1999), the T R M 

was apphed perpendicularly to the N R M vector Consequently the total vector should swing 

completely through 90° from the direction of the N R M to the direction of the T R M . If the, 

N R M direction does not change throughout the experiment, ail the vector end points should 

define a single great circle which should go through the constant applied T R M direction 

(Pec="NRM Dec"+ 90°; lnc=0°). The actual behaviour will be described, using stereo 

plots, and evaluated, using the angular difference Thêta (9 ) between N R M and T R M 

components. Thèse parameters are evaluated using an Excel spreadsheet, lavadata.xls (Hill, 

2000), where the total vector of magnétisation is decomposed into its N R M and T R M 

components using two différent methods. A i l possible slopes, and therefore ail the possible 

palaeofields, will be considered on the conventional N R M / T R M plots. Data points will be 

accepted if (1) they fell on a straight line, (2) 0 = 90° and (3) the two vector décomposition 

methods give comparable values. Throughout, Coe's statistical parameters (Coe, 1978) will 

be given for each palaeofield estimate. 

7.2-AD 79-AD 1631 

7.2.1 - Site V30 
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The vector end points of sample V30.1-1 did not ail he on a great circle. The Dec at 

maximum power (188 W) was some 50° away from the initial value while the Inc had 

stayed almost constant (Fig.7.10a). N R M and T R M components, obtained after 

decomposing the total magnetization vector, and tiie angular différence (0) between them 

are shown in Tab. 7.1. As suggested by the stereo plot 0 was only constant during the first 

six steps which were used to estímate the palaeofield. (Fig. 7.1, Tab. 7.2). Thêta increased 

progressively from M7 (105W) although its value was very close to 90° until the last two 

steps. One possible slope bas been considered [a] but the fraction of total N R M used was 

very small. However, ail the points excluded because, of 0 > 90 or because they did not fell 

on the great circle, still seemed to fell on the same straight line [b]. 

7.2.2-Site V36 

In sample V36.13-1 the final vector had its Dec value about 90° away from the N R M 

direction, but did not equate to the T R M direction nor did it he on the same great circle 

defined by almost ail the other vectors (Fig. 7.10b). Thêta (Tab. 7.3) showed a constant 

value until the last two steps. The N R M / T R M plots showed one possible slope, excluding 

the last points (Fig. 7.2, Tab. 7.4). 

7.2.3 - Site V37 

In sample V37p8a-1 the Dec showed small changes imtil the last step vdien it jumped by 

about 90° from the initial N R M value. Although the total vector did not change much it still 

defined a great circle (Fig. 7.10b) and 0 (Tab. 7.5) stayed constant imtil the last step when 

the N R M dropped drastically. The N R M / T R M plots showed one possible slope, even 

including the last point although it showed 0= 91.69° (Fig. 7.3, Tab. 7.6). [This because in 

the perpendicular field method used to analyse the microwave palaeointensity a larger error 

in 0 seem to be admissible when the N R M component is small.] 
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7.2.4-Site V27 

Sample V27.10-1 

Only five vectois defîned a great circle (Fig. 7.1 Oa) while the last three points, did not fell 

on it, as also showed by the 6 value (Tab. 7.7). However the N R M / T R M plots showed one 

possible slope, even including the last points. Although the first point, D(NRM), seemed to 

be on the same straight line, including it to estimate the palaeofîeld (slope [b]), gave a quite 

différent value (Fig. 7.4, Tab. 7.8). 

Sample V27.10-2 

The vectors defined two différent great circles (Fig. 7.10a). At 75 W (step M6) the 

direction changed and the total vector moved away from the previous direction defining a 

différent great circle. Thêta (Tab. 7.9) was, in fact stable until 75 W, then it started to 

increase graduâlly (except the last point). The N R M / T R M plots showed one possible slope 

(a), excluding the points where 0 was > 90°. The slope [b], which included also the D(NRM) 

showed a value comparable with [a] (Fig. 7.5,Tab. 7.10). 

7.2.5 - Site V33 

In sample V33.12-1 the vector did not define a unique great circle (Fig. 7.10b). At 27 W 

(point n°9) the total vector moved to define a différent great circle. Thêta (Tab. 7.11) was, 

in fect stable imtil that point, after which it started to change graduâlly (except the last two 

points). The N R M / T R M plots showed one possible slope, excluding the points where 0 was 

> 90° (Fig. 7.6, Tab. 7.12). 

7.2.6 - Site V26 

On the stereo projection, the vector end point of the total magnetization of sample V26.6b-1 

defined a perfect great circle. It swung from the direction of the N R M through 90° to the 

direction of the T R M (Fig. 7.1 Oa). The angular différence between the two directions stayed 
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very constant throughout the experiments (Tab. 7.13). Although a stable N R M direction can 

be hypothesised, something occurred at about 42/46W as the N R M / T R M plots showed a 

break on the straight line and two slopes were identified. Therefore two different values of 

the estimated palaeofield were considered (Fig. 7.7, Tab. 7.14). 

7.2.7 - Site V31 

Sample V31.5-1 & V31.5-2 

For both samples the vectors defined a great circle (Fig. 7.10a) except for the last five 

points. The 0 values also stayed almost constant for the first 5/7 steps then increased 

progressively until the last 2 steps (Tabs. 7.15,17). The N R M / T R M plots showed one 

possible slope excluding the last points (even excluding some which had 0 slightly > 90°) 

(Figs 7.8,9, Tabs. 7.16,18). In sample V31.5-2 the first point D(NRM) was also considered 

because it fell on the same straight line defined by the other points. 
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Sample V30.1-1 j Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10' Trm 10' theta C) 

D (NRM) 50 -42650 -50010 -90460 111816.97 117.61 0.00 
M1 > 58^ -41960 -50710 -89950 111459 18 111 45 , 1 05 . -, 90 04 

65 -41480 -50700 -90030 111339 49 III 33 1 34 , 90 01 , 
m ' 75 -38170 -51360 -87840 108676 88 108 59 4 28 90 01 Í ' 

82 ̂  -32420 -51970 *-85820 105437 23 105 05 917^^' 90 07 
M5 ^ " s e i - -31110 .-51050 x-84150 103223 82 102 79 9 61 90 09 

95 -̂29450 -50760 -̂82240^ 101031 17 JOO 48 . 1066 , . ".^90 08"̂ "'; 
iVI7 105 -29030 -50380" -82470^ 100906.82 100.35 10.83 ''90.14'' " 
M8 118 -20430 -48350 -75180 91690.46 90.31 16.26 90.28 
Mg 128 -19110 -46220 -74010 89325.03 87.98 16.25 90.53 
MIO 140 -16920 -45290 -72240 86925.76 85.35 17.47 90.65 
M11 150 -14120 -43570 -69950 83610.54 81.76 18.84 90.92 
M12 160 -11960 -42310 -67690 80716.25 78.62 19.82 91.07 
M13 170 -9430 -40600 -65850 77932.71 75.56 21.09 91.46 
M14 188 6430 -33550 -53500 63475.96 57.72 30.25 93.57 

Tab. 7.1 - V30.1-1 :Values of N R M lost and TRM gained and their angular difference 9. 
In light grey the data used to calculate the palaeointensity. 

Fig. 7.1 - Conventional NRM/ 
TRM plot for sample V30.1-1 
Statistical parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.2. Empty diamond 
indicate points excluded from the 
palaeofield calculation. 

Power Sample V30.1-1 

range (W) N f g «7 b Ob Fpalaeo (fxT) Uncertairity 
[a] 58 - 95 6 0.093 0.747 0.646 -1.054 0.114 52.681 81.569 

Tab. 7.2 - V30.1-1 palaeointensity values and statistical parameters. 

Fpalaeo calculated within a range of power applied with the following statistical parameters. 
N = number of points used. f = fraction of the total N R M used, 
g = gap value e.g. uniformity along x-axis. 
q = index of quality of palaeointensity values, uncertainty of palaeointensity values 
b = slope. = coirelation coefiBcient. ob = standard error of the slope. 
For a complete description, see section 3.4b 
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Sample V36.13-1 | Arbitrary Units 1 
Steps Power (W) X y z Moment Nrm 10' Trm 10"* theta C) 

D(NRM) 42 -54590 145140 55870 164824.59 175.21 0.00 

" 58 
-63580 ' 134360 52400- 157609 60 157 14 - 12 24 ' ; ^90 02 

" M2 ^ " 58 -64250 134180 52440 1b//41 21 157 21 12 93 '^90 02 ' 
* M3 <• r72'-- <- -65530 116020 49150^^142023 04 140 54 20 55 ' 90 03 

85 " -70950^ ̂  82720 -"40010 116091 78 109 94 \ 3 7 40 ^ . 90 07 
M5 95 -74030 21970 27100 8Ì 838.45 53.93 "62.32 90.82 
M6 98 -37950 -16580 22510 47135.96 24.36 50.42 111.85 

Tab. 7.3 -i,y3è.l-l:Values of N R M lost and T R M gained and their a i ^ a r difference 0. 
In light grey ffië'data used to calculate the palaeointensity. 
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Fig. 7.2 - Conventional 
N R M / TRM plot for sample 
V36.13-1 
Statistical parameters 
relative to the slope and 
palaeofield estimate are 
shown in Tab.7.4. Empty 
diamond indicate points 
excluded from the 
palaeofield calculatioiL 

Power Sample V36.13-1 

range (W) N f 9 q b Ob Fpalaeo (fiT) Uncertainty 
50-85 4 0.269 0455 4.156 -1.903 0.056 95.157 22.899 

Tab. 7.4 - V36.13-1 palaeointensity values and statistical parameters. 
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Sample V37.8a-1 | Arbitrary Units 

Steps Power (W) Moment Nrm 10' Trm 10* thêta (°) 
D (NRM) 
" mil 

M2-

33 -149210 35460 
, 37 -148630 28600 

. 42 * . -146750 27370 
50 ""-141150 -̂20910 

' 60 ' -135910 16470 
' 72 - -124130 1520V 
'^85"^. -113930^7450 

98 f .-107640 -8130 
m 108 -29210 -84120' 

-1E+05 
-1E+05' 
-1E+05 
-97840 
-94880 
-84580 
-78510 
-74060 
-18080 

185280.10 
183614 92 
181582 22 
173012 19 
166568 31 
15Ô214 33 
138561 78 
130909 70 
90864 10 

196.35 
"183 50 
181 44 
172 57 
165 85 
147 73 
134 43 
126 73 
20 19 

0.00 
6 65 
7 55̂  
12 35 ' 
15 56 ^ 
27 30"-
33 80 ' 
3̂2 99 -̂
89 19 r'' 

90 04 ; 
90;08| 
90 03-
90 06 
90 04 

,90 10 
* 90 10~" 
91 69 

Tab. 7.5 - V37.8a-1 :Values of N R M lost and T R M gained and their angular différence 6. 
In light grey the data used to calculate the palaeointensity. 
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Fig. 7.3 - Conventional NRM/ 
T R M plot for sample V37.8a-1 
Statistical parametors relative to 
the slope and palaeofleld estimate 
are shown in Tab.7.6. Empty 
diamond indicate points excluded 
from the palaeofield calculation. 

Power Sample V37.8a-1 

range (W) N f g g b Ob Fpalaeo ( ftT) Uncertainty 
33-98 8 0.832 0.548 19.429 -1.982 0.047 99.094 5.100 

Tab. 7.6 - V37.8-1 palaeointensity values and statistical parameters. 
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Sample V27.10-1 | Arbitrary Units 1 
Steps Power (W) X y z Moment Nrm 10' Trm 10' theta (*•) 

D(NRM): 62 -19650 73840- 175180 191119 07 210 20 0 00 
- 'MI - fi 70 r ' -32330 ,66960 169870 ,185431 09 1̂84 90-.-̂  "'14 06̂  " '̂ 90 02 
- M2̂  ' -30370 64000 168600 182877 82 '182 42 ^ 13 37 90'16^ 

/ 82 . r -34820 59560 165080 178916 83 "177 98 19 01 90 23 ^ 
M4 -36020 53390.' 160840" 173255 41 J7198 •22.14'' T ^ ' 90 56 "•= 

' "M5 100 -44370 33850 143020 153522.77 *"l49.72 38.06 91.50 
M6 105 -43620 -2540 121870 129466.03 123.34 59.62 97.84 
M7 108 -11740 -8600 121220 122090.44 129.46 58.69 11041 

Tab. 7.7 - V27.10-1 .Values of N R M lost and TRM gained and their angular difference 9. 
In light grey the data used to calculate the palaeointensity. 

Fig. 7.4 - Conventional NRM/ 
T R M plot for sample V2710-1 
Statistical parameters relative to 
the slope and palaeofield estimate 
are shown in Tab.7.8. Enq)ty 
diamond indicate points excludéd 
from the palaeofield calculatian. 
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Power Sample V27.10-1 

range(W) N f 9 «7 b Ob Fpalaeo ( fiT) Uncertainty 
[b] 62 - 90* 5 0.182 0.520 1.058 -1.699 0.152 84.945 80.315 
[a] 70 - 90 4 0.061 0.629 0.209 -1.285 0.238 64.255 307.869 
*including D(NRM) 

Tab. 7.8 - V27.10-1 palaeointensity values and statistical parameters. 

277 



Sample V27.10-2 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 10' thêta C) 

42 -41940 -44300- -118540 133316 11 141 99 0 00 
' MI ' ' 50 . ^ -32390 ^49580 ^ -116020 '130261 d'O 129 83 "10 64> 90 04 '7 

f M2 , - 52 " -31100 "-48420^ -11i>//0 129284 18 ,128 84 "11 04* > , 90 16 ^ , 
90 29",'' ' ; M3 ^ ' . 58 : -26620 ^8160 -112670 125389 55 124 63' - .'̂ 14 40-<̂ ,-1 
90 16 ^ , 
90 29",'' 

' m^Z -21440, -47460 -107750^,19675 34 -.118 46 TÍ: 17 9 4 , ' i 90 43.-
M5 >> -,10580?.-45530, -99720''110131 72 107 59; 25 56 -91 04f 
M6 1250 -38900 -9Î350 99295.49 '95.50 ~ 32.74 93.06̂  
M7 78 2060 -30610 -89180 94309.53 92.05 31.87 95.83 
M8 80 4670 -26660 -86660 90788.33 88.95 33.64 97.71 
MS 82 4130 -24270 -87510 90907.04 89.86 33.75 99.01 
MIO 88 36210 -7850 -63890 73856.07 73.04 61.43 114.04 

Tab. 7.9 - V27.10-2:Valiies of N R M lost and TRM gained and üieir angular difference 0. 
In light g r^ the data used to calculate the palaeointensity. 
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Fig. 7.5 - Conventional NRM/ 
T R M plot for sample V27.10-2 
Statistical parameters relative to 
the slope and palaeofield estimate 
are sho>wi in Tab.7.5. Empty 
diamonds indicate points 
excluded from the palaeofield 
calculation. 

Power Sample V27.10-2 
range (W) N f 9 q b Ob Fpalaeo ( fiT) Uncertainty 
[bl 42 - 70* 6 0.242 0.727 4.104 -1.363 0.059 68.147 16.604 
[a] 50 - 70 5 0.157 0.646 4.465 -1.490 0.034 74.495 16.684 

*including D(NRM) 
Tab. 7.10 - V27.10-2 palaeointensity values and statistical parameters. 
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Sample V33.12-1 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 10' theta (») 

D (NRM) 12 -36710 -24830 -30720 53924.68 50.35 0.00 
^M1^ 15 ' -3085ÍO -303go -30170 52772 02 "52 18 7 91' 90 03 

s -̂ 1̂ /12 ̂  '16 ' " -28540 -302g0 -29830 ' 51203 05 50 30 V 9 20 90 13 
-'̂  M3;^ 17 - -27430 -30080 -29540, 50207 34 49'38 ' 9 7g f si ^ "90 19 

M4' " ; -18' - -25780 -30260 -28980 4gig4 68 48 03 10 81 
1 13 43 

'^90 23 ̂  
: 2o: -22000 ..-30830 -27570 46846 49 44 95^ 

10 81 
1 13 43 90 29 J. 

M6 -20020 -30310 -27640 46046 85 \44 06 Í 13 76^ 90 49 
;v24 ^ -̂10700 -30000 -27290 f 45146 90 _42 96. * '̂14 33 . ' 90 60^ 

" " M S 27 -14680 -30020 -26000 42340.32 "'̂  38.94 l7'.34' 91.03"' 
Mg 30 -11810 -28050 -25410 39647.78 36.02 17.80 gi;8g 
MIO 33 -6070 -276g0 -23700 37007.37 31.47 21.08 g2.82 
M11 36 -3620 -24010 -24080 34196.94 29.31 20.78 g5.73 
M12 38 460 -20200 -22690 30382.36 25.56 21.36 gg.85 
M13 40 1250 -16310 -22070 27471.14 24.27 20.25 104.42 
M14 42 2410 -13140 -21660 25448.44 23.76 20.40 110.11 
M15 45 4450 -0010 -21160 23424.95 24.64 22.51 120.64 
M16 47 3460 -020 -20170 20485.28 35.06 31.20 144.62 

Tab. 7.11 - V33.12-l:Values of N R M lost and T R M gained and their angular difference G. 
In light grey the data used to calculate the palaeointensity. 

Fig. 7.6 - Conventional N R M / 
T R M plot for sample V33.12-1 
Statistical parameters relative to 
the slope and palaeofield estimate 
are shown in Tab.7.12. Empty 
diamond indicate points excluded 
from the palaeofìeld calculation. 

Power Sample V33.12-1 

range (W) N f 9 q b Ob Fpalaeo(fxT} Uncertainty 
15-24 7 0.155 0.793 3.848 -1.378 0.044 68.015 i7.gio 

Tab. 7.12 - V33.12-1 palaeointensity values and statistical parameters. 
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Sample V26.6b-1 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 10* theta (°) 

D (NRM) 35 -39730 91130 -28320 103369.11 103.37 0.00 D (NRM) 
37" ^ /"-64150 57020 -23930 89101 90 81 50^ 36 06 ' 9 0 03 -

- M2 -65540 54330 -23970 88440 95 79 69 3̂8 43 90 05 
^ M3 40 ' -67650 49240 -20100 86052 95 ^ 74 92^ 4̂2 34,v 90 01 

42 *-67120 50050 -23260 86897 21 76 33̂  41 60 90 06 " 
\wi5 46. ^ -66600 46910 -21860 , 84344 34 72 97 w 42 35 C'OO 04 > 

M6 55 \ -66020 42030, -20950 81018 91 68 21 43 79 ' '^ 90 06' 
M7 65 -65450 37320 -17690 -77391 35 62 91 45 OS''-̂  ^ 90 on 

- . ^ 7 8 ' -69000 33970 -17680 , 78914 79 61 32" 49 68 90 01 . 
'M9 . 9 2 . "^WllO 26860 „-17700" ̂ 75324 11 54 78 5178. \ 90 09̂  
MIO' ^ 108- -70380 27260 -16340 - 75603 22 - 51 21 * „ 55 67 ^ & . 90 07 

V M11 - .122" -92250 -7510 -10150 93110 07 . 31 65^.. 87 58 , 90 03 ^ 
- M12 128 \-92930 -10700 -9510 94026 14 28 94 " - .- 89 48' ^ r - 90 04 ' 

. "M13 4 135 . -107200 -30869 -7980 '111838 54 16 60 110 66 * 90 22 
1 M14 ' 140 ^-111200 -33070. -6270 .116182 52 15 45 V ; 11517 ,90 08 

M15 148 ' -126300 -54660 -950 137623 79 1 02 " 137 62 9017 

Tab. 7.13- V26.6b-l:Values of N R M lost and T R M gained and their angular difference 6. 
In light grey the data used to calculate the palaeointensity. 

Fig. 7.7 - Conventional N R M / 
T R M plot for sample V26.6b-1 
Statistical paiameters relative to 
the slope and palaeofield estimate 
are shown in Tab.7.14. Empty 
diamond indicate points excluded 
from the palaeofield caiculation. 

Power Sample V26.6b-1 

ränge (W) N f ff 1 b Ob Fpataeo (fiT) uncertainty 
fb] 55-148 10 0.650 0.814 12.509 -0.689 0.029 34.473 2.756 
[a] 37-108 10 0.293 0.839 3.081 -1.726 0.138 86.320 28.013 

Tab. 7.14 -V26.6b-1 palaeointensity values and Statistical parameters. 
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SampleV31.5-1 | Arbitrary Units 
Steps Power (W) 

D (NRM) 29 
" Ml ^ ^ 31 
V M2^'- 34 

*"M3 
34 

, M4 .50 
. M5, ^58 = 

M6 65 
M7 72 
M8 80 
M9 82 
M10 88 
M11 90 

Moment Nrm 10' Trm 10* thêta (°) 
61210 
60730 
61010 
61290 
61120' 
59810 
57410 
55240 
53800 
45310 
36730 
12450 

-86010 
-84620 
-82500, 
-71950^ 
-60620? 
-47720^ 
-38580 
-34480 
-13670 
-10540 
15590 
12300 

-49450 
-49410 
-47450 
-44780 
-41500 
-38630 
-36240 
-34770 
-29530 
-29410 
-24980 
-24400 

116574.81 
115282 37 
113048 54 
104587 36 
95565 10 
8571̂ 2 96 
78087.53 
73819.24 
62875.51 
55036.68 
47075.91 
30027.53 

134.80 0.00 
115 28 0 70 go'is 
113 03 , 1 95 ^ * 90 05 ' 
104 26 ' ' 8 24 ' . 90 02 
944A ^ 14 74 ^ 90 06 \ 

C 83 09 21 40 90 24 ' 
74.18 24.99 90.46 
69.46 25.72 90.59 
51.63 36.97 91.19 
45.66 33.04 92.82 
26.93 44.17 101.16 
31.97 37.74 129.81 

Tab. 7.15 - V31.5-1 :Values of N R M lost and TRM gained and their angular différence 0. 
In light grey tfae data used to calcúlate the palaeointensity. 
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Fig. 7.8 - Conventicmal NRM/ 
T R M plot for sample V31.5-1 
Statistical parameters relative to the 
slope and palaeoñeld estímate are 
shown in Tab.7.16. Empty diamond 
indícate points excluded from the 
palaeofield calculation. 

Power Sample V31.5-1 

range (W) N f g q b Ob Fpalaeo(nT) Unc&lainty 
31-58 5 0.239 0.703 7.663 -1.535 0.034 76.734 10.013 

Tab. 7.16 - V31.5-1 palaeointensity values and statistical parameters. 
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Sample V31.5-2 | Arbitrary Units 
Steps Power (W) Moment Nrm 10' Trm 10' thêta (°) 

D(NRM) 
Ml ? 

' M2 i 
'[m 1 

,M4' 
MS'' " 
M6 , 
M 7 l É 

, M 8 i i | 
M? S i 
Mio" 
Mil 
M12 
M13 
M14 
M15 

28 . 
30, 
31, 
32 . 
34*-

« 37 < ' 
42 . 
50 «•̂  

. 55 
62̂  ^ 
68 
75 
78 
82 
88 
90 

-43890 
-36810 
-36210 
-34460 , 
-32730 
'-30990 
-26880 
-20110 
-19180. 
-12050 
-11910 

550 
1860 
2740 
7540 
13300 

-66790 
-69780 
-69460 
-68440 
-68330 
-67860 ' 
-66150^ 
-62830 
-61170 
-57760 
-55490 
-49730 
-44710 
-42650 
-38000 
-29910 

37060 
37150 
36710 
36270 
35930 
35620 
34430 
32390. 
32130 r 
29920 
29790 
26600 
26360 
25570 
24120 
22820 

88094 72 
87202 91 
8650711 
84776 40 
83852 29 
82668 88 
79270 31 
73492 40 
71707 59 
66156 08 
64097.05 
56399.78 
51935.47 
49803.16 
45635.80 
39903.01 

99 03 <r 
86 87^ 
86 15 ^ > 
84 32 
83 23, ~ 
81 88', 
78 05 
7 1 3 3 s . ^ 
69 52^, 
62 51 , 
60.73 
49.10 
44.92 
42.68 
36.72 
29.05 

0 00 
7 59 
7 90'" 
'8 83 
1022 
11 44 
13 98' ' 
17 90; 
17 86 
22 03;'-̂  
21.07 
28.59 
27.51 
27.20 
29.08 
30.76 

90 03 I 
90 02 ^ 
90 04̂ 1 
90 04;-: 
9̂0 06 
90 09 

„90 17 f 
90 25-î 
90 35̂ ^̂  
90.52" 
90.96 
91.79 
92.01 
92.99 
96.36 

Tab. 7.17 - V31.5-2:Values of N R M lost and T R M gained and their angular différence G. 
In light grey the data used to calculate the palaeointensity. 
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Fig. 7.9 - Conventional NRM/ 
T R M plot for sample V31.5-2 
Statistical parameters relative to 
the slope and palaeofìeld estimate 
are shown in Tab.7.18. Ençty 
diamond indicate points excluded 
from the palaeofìeld calculation. 

Power Sample V31.5-2 

range (W) N f 9 b Ob Fpalaeo ( pT) Uncertainty 
28-62 10 0.369 0.800 9.806 -1.629 0.049 81.464 8.308 

Tab. 7.18- V31.5-2 palaeointensity values and statistical parameters. 
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AD 79 -1631 lava flows spécimens 

Fig. 7.10a. Stereo plots showing total vectors moving from the measured NRM( @ ) towards 
the applied TRM direction ( • ) along great circles. 
Dashed great circles show secondary direction. Dark triangles indicate points used to 
calculate the palaeointensity. 283 



AD 79 -1631 lava flows specimens 

TRM 

Fig. 7. lOb. Stereo plots showing total vectors moving from the measured NRM( B ) towards 
the applied TRM direction ( • ) along great circles. 
Dashed great circles show secondary direction. Dark triangles indicate points used to 
calculate the palaeointensity. 
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7.3-AD 1697 

7.3.1-Site V28 

In sample V28.1-2 only the first four data points were considered. A l i the other vectors 

moved gradually away from the great circle (Fig. 7.15) and the 9 value did not change 

drastically until the last point (Tab. 7.19). The N R M / T R M plots showed one possible slope 

including the first point D(NRM) which fell on the same straight line defined by the 

foUowing three points (Fig. 7.11, Tab. 7.20). 

73 .2-Si te V29 

Sample V29.7-1 A i l the vectors defined a great circle (Fig. 7.15) but at 175 W the Dec 

was only some 50° away from the initial value. The N R M direction was veiy stable as 

shown by the 0 value (Tab. 7.21). The N R M / T R M plots showed one possible slope using 

ail the data points (Fig. 7.12, Tab. 7.22). 

Sample V29.7-2 The vectors defined two différent great circles (Fig. 7.15). At 92 W 

(step M4) the total vector moved away to define a différent great circle. Thêta value (Tab. 

7.23) was stable until that point, then it started to increase gradually. The points where 9 was 

> 90° were then excluded (Fig. 7.13, Tab. 7.24) and the N R M / T R M plots showed one 

possible slope [a]. A second one bas been considered [b] included D(NRM), and showed a 

slightly différent resuit. 

7.4-AD 1714 (1906) 

7.4.1 - Site V38 

In sample V38.p6a-1 the Dec moved some 50° away from the initial N R M direction. 

Only the first five points defined a great circle. At the last step the vector jumped away by 

about 60° (Fig. 7.15). Thêta (Tab. 7.25), although <90°, increased slightly until the 5* step 

when it started to change more clearly while at the last step, it changed drastically. The 
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N R M / T R M plots showed one possible slope although another one could has been 

considered including also the point with 90°< 9 < 93° (Fig. 7.14, Tab. 7.26). 

7.5-AD 1754 

7.5.1-Site V39 

Sample V39.10b-1 & V39.10b-2 

Both samples behaved similarly. Almost all the data points fell on a straight line on the 

N R M / T R M plots but only the first 6/7 points were on the great circle towards T R M 

(Fig.7.21). The 9 values also stayed almost constant for the first few steps then it increased 

slightly until the last steps where changes were more evident (Tabs. 7.27,29). The 

N R M / T R M plots showed one possible slope, excluding all the points with 9 < 90° and not 

falling on the great circle (Figs. 7.16,17, Tabs. 7.28,30). 

7.5.2 - Site V40 

Only the first six points defined a great circle towards the T R M (Fig. 7.21) At about 80 

W the total vector moved away from the previous direction. Theta angle (Tab. 7.31) showed, 

little change until that point, after which it started to gradually increase. Above 95 W the 

changes were more drastic. N R M / T R M plot showed one possible slope even including the 

first point D(NRM) (Fig 7.18, Tab. 7.32). 

7.5.1 - Site V41 

Sample V41.4a-1 & V41.4a-2 

For both samples only the first six vectors lay on the great circle (Fig. 7.21) while the last 

points moved away from it, accompanied by a clear change in the 0 values (Tabs. 7.33,35). 

The N R M / T R M plots showed one possible slope, excluding the last two points and also 

including the first point D(NRM) which fell on the same straight line (Fig. 7.19,20 Tabs. 

7.34,36). 
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Sample V28.1-2 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 10* theta {') 

:D(NRM) 50 180000 134800 -1E+05 .248482.45 262 66 0 00 
MI 60 159200 140800 -1E+05' 235051 99 234 42"^^ 17 29 90 01 

s ^65, 141800 138500 -95200 219892 09 218 37 Í 25.99 •. 90 04 
' 92900_ 134800 -78600 181602 34 173 94 " 52 46 ' - 7^^90 09 _ 

m 72 66900 12Ò700 -71100 155239.52̂  144.59 57̂ .53 90.41 '"̂  
M5 75 63700 119100 -70700 152449.96 141.34 58.38 90.51 
M6 80 25500 107500 -58600 125061.82 103.14 72.77 91.13 
M7 82 20800 92100 -58600 111126.10 92.81 65.30 92.51 
MB 88 -55400 57700 -34200 86994.77 37.93 92.59 110.37 

Tab. 7.19 - V28. l-2:Values of N R M lost and T R M gained and their angular difference 0. 
In light grey the data used to calculate the palaeointeusity. 

300 
Microwave - AD 1697- Sample V28.1-2 

' - lOO 1 
X 
S 
z 50 -I 

R^= 1.000 

20 40 60 80 100 
TRM X 10* (Arbitrary Units) 

Fig. 7.11 - Conventional N R M / 
T R M plot for sample V28.1-2 
Statistical parameters relative to 
the slope and palaeofield estimate 
are shown in Tab.7.20. Ençty 
diamond indicate points excluded 
from the palaeofield calculation. 

Power Sample V28.1-2 
range (W) N f 9 1 b Ob Fpalaeo (fiT) Uncertainty 
50 - 70* 4 0.338 0.615 19.262 -1.697 0.018 84.828 4.404 
60-70 3 0.230 0.390 4.644 -1.710 0.033 85.506 18.412 

'including D(NRM) 

Tab. 7.20 - V28.1-2palaeointensity values and statistical parameters. 
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Sample V29.7-1 | Arbitrary Units 1 
Steps Power (Vyp X Moment Nrm 10' Trm 10* theta (°) 

D(NRM) 

' m -

M8-É 

100 -68200 -: 
'•̂ ''108'̂ '̂ '; -54300 -
i"..115' 

125 
'•^138 

.:''148-''^ 

. ' '158; 
r 162'. ; 

C 175 

-52400 
-51900 
-40000'̂  
-32200'' 
-issod"" 
-117Ò0 
42200=-

242200 
•238900 
•237600̂  
235000 
228100 
217700 
197500 
•193300 
143900 

-144500 
-13990Ö' 
-140900 
-140600 
-133600 
-127700 
-118100 
-118600 
-895Ò0 

290159.15 
282123 57 
281162 216 
278723 82 
267354 76 
254435 49 
230638 48 
227085 31 
174637 62 

310.23 
'281 85 
280 82 -
27839 
266 34 t ^ 
252 89 ' 
227 38 . 
223 33 
155 43 ^ 

0.00 
« 12 50-
" 14 011-
t13 92 . 
''23 35: 
\28 09 
'39 02 ̂  
.42 02 
'80^91 Í 

90 01 
'90 02 

" .90''04' 
, ^90 01. 

. 90 02 
' Too 11 
" 90 24 

90 48 

Tab. 7.21 -V29.7-1 rValues of NRM lost and TRM gained and their angular difference 9. 
In light grey the data used to calculate the palaeointensity. 

350 
Microwave - AD 1697- Sample V29.7-1 

-.300!" 

3250 ̂  

I" I200 ] 
.a 
~150 -I 

X100 S 
z 50 ^ 

= 0.995 

20 40 60 
TRM X 10* (Arbitrary Units) 

80 100 

Fig. 7.12 - Conventional NRM/ 
TRM plot for sanq)le V29.7-1 
Statistical parameters relative to 
the slope and palaeofìeld estimate 
are shown in Tab.7.22. Empty 
diamond indicate points excluded 
from the palaeofìeld calculation. 

Power Sample V29.7-1 

range (W) N f 9 «7 b Ob Fpataeo (fiT) Uncertainty 
100-175 9 0.499 0.732 14.154 -1.918 0.050 95.891 6.775 

Tab. 7.22 - V29.7-1 palaeointensity values and statistical parameters. 
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Sample V29.7-2 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 1 0 ' theta {') 

D(NRM) 50 54940 -2E+05 -79940 i90065:01 207 07 0 00 
90 02 ̂  " MI ^ \ ^ 60 60340 -2E+057-76630 J 80357 97 180 14 \ " 8 91 , " 90 02 ̂  " 

M2 . 75 " '63890 -1E+05 ,-67610' 159138 36' 157 95,. ^ 1 9 46 " • 90 02" 
r- M3 ' '90^ 80230 - -37620 -39000 ' 96814 86 ^ 72 59 . .64 7?,, ^ _.90 58.x ^ 

92 4638Ó -632Ò' -36090 59106'. 13 " 42.24" 49.03 99.65 
M5 95 28980 540 -35130 45543.92 39.25 42.82 112.76 
M6 98 12210 20360 -29570 37920.95 75.76 86.09 153.90 

Tab. 7.23 - V29.7-2:Valnes of N R M lost and TRM gained and tìieir angular difference 6. 
M light gr^ the data used to calculate the palaeoìntoisity. 

Fig. 7.13 - Conventìonal N R M / 
T R M plot for sanale V29.7-2 
Statisdcal parameters relative to the 
slope and palaeofìeld estimate aie 
shown in Tab.7.24. Enqjty diamond 
indicate points excluded from the 
palaeofìeld calculatioa 

Power Sample V29.7-2 

rango (W) N f 9 q b Ob Fpalaeo(fiT) Uncertainty 
4 0.649 0.530 6.121 -2.020 0.114 100.996 16.501 
3 0.519 0.328 9.475 -1.913 0.034 95.637 10.094 

* including D(NRM) 

Tab. 7.24 - V29.7-2 palaeointensity values and statisdcal parameters. 
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Sample V38.6a-1 { Arbttrary Units 
Steps Power (W) X y z. Moment Nrm 10* Trm 10* theta (•) 

D (NRM) 
MI t 

42 48040 -69350 131055 88094.72 146.97 0.00 D (NRM) 
MI t 45. 64090 -66590 124972^ 87202 91" 123 12-> .2153 90 04"" 

M3 
48 

- 52 ' , 
63070 -66300 
64690 "̂ -64420 

121606^ 
117488 

86507 3 1 . 
84776 40 

119 55 
. 114 48 , 

22 57 
26 79 

, 90 15 ' 
90 20 

M V : - - 58 67160 -61310 iiooso" 83852 29 104 73 ^ ' 
^'98 18 ' 

34 53 90,41 
' M5 -* ^ 60 ' 64730" -59770^ 104043 " 82668 88 

104 73 ^ ' 
^'98 18 ' 35 76 90''76 -i 

M6 65 64120 -53780 92211 79270.31 82.57 42.97 91.30" 
M7 68 60720 -53890 87822 73492.40 78.09 43.34 92.24 
M8 70 59340 -52660 83690 71707.59 72.49 45.93 93.11 
M9 72 56360 -52380 80843 66156.08 70.35 44.80 93.83 

M10 78 H-WO -34160 110027 64097.05 84.64 152.44 135.17 

Tab. 7.25 - V38.6a-1 :Values of N R M lost and T R M gained and thdr angular differemce 0. 
In light grey the data used to calculate the palaeointensity. 

Fig. 7.14 - Convemtional N R M / 
TRM plot for sample V38.6a-1 
Statistical parameters relative 
to the slope and palaeofield 
estimate are shown in 
Tab.7.26. Empty diamond 
indicate points exciuded from 
the palaeoüeld calculation. 

Power Sample V38.6a-1 

ränge (W) N f 9 9 b Ob Fpalaeo(fiJ) Uncertainty 
45-60 5 0.170 0.716 1.209 -1.567 0.158 78.341 64.789 

Tab. 7.26 - V38.6a-lpalaeointensity values and Statistical parameters. 

-160 Microwave - AD 1714(1906)- Sample V38.6a-1 
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AD 1697 lava flow specimens 

AD 1714 lava flow specimen 

Fig. 7.15. Stereo plots showing total vectors moving from the measured NRM(BS) towards 
the applied TRM direction ( • ) along great circles. 
Dashñl great circles show secondary direction. Dark triangles indicate points used to 
calculate the palaeointensity. 
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SampleV39.10t>-1 | Arbitnary Units 
Steps Power (W) Moment Nrm 10* Trm 10* theta C) 

96.55 0.00 
90 10 6 44 \ 90 07 •; 
90 29- 6 11̂  , 90 14 

"88 15 770' . 
i 951 

90 15 ^ • 
,35 87 

770' . 
i 951 "•90 20 -~ 

8̂6 23 9 81 90 27 
8̂3 18 , 1157 90 26 
8̂0 32 13 71 "90 31 ' 

90 49, -̂ 75 29̂ ^ 17 32 
"90 31 ' 
90 49, 

73 65„ 17 77 - 90 82 > . 
72.32 " ~ 18.03 91.02 
63.83 24.75 91.46 
61.72 23.70 92.91 
54.13 28.55 94.85 
48.28 32.25 102.03 
48.79 41.03 123.23 

D (NRMi 
MI ^ 
M2 
M3̂? 
M4>1 
M5 

\ M6.-
M7̂  
M8 

,̂wM9 ' 
MIO 
M11 
M12 
M13 
M14 
M15 

37 
'42 
45 ' 
50 
55, 

t60 
* 65 ' 
• 70 

75 
78 -
82 
90 
95 
102 
108 
110 

42590 
"36350 
36490J 
34260 
31700 
31500 
28750 
25690 

-20260 
18700 
17690 
7980 
6990 
-1390 
-8600 
-14730 

42750 
45480 
.44980 
44990 
44890 
44970' 
44740" 
44620" 
43980 
42480" 
41490 
40780 
36170 
32580 
22810 
5470 

-70230 
-69050 
-69510 
-68030' 
-66620 
-67150 
-64930 
"-63060-
-60020 
-59570 
-58950 
-53660 
-53530 
-49200 
-46130 
-40290 

92594.40 
90319 74 
90478 51 
88464 28 
86361 02 
86739'l1 
83929 35 
81409 36 
77117 50 
75517 05 
74225.73 
67868.14 
64981.46 
59025.66 
52175.02 
43245.55 

Tab. 7.27 - V39.10b-l.Values of N R M lost and TRM gained and thdr angular difference 0. 
In l i ^ t grey the data used to calcolate the palaeoìnt«isìty. 

IVIicrowave - AD 1754- Sample V39.10b-1 
1ZU • 

«100; 
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= 0.995 
£.80 
(S 
foo 

T- 40 -
X 
Ì 2 0 -

0 -0 -1 1 —T T 1 
0 10 20 30 40 50 

TRM X 10* (Arbitrary Units) 

Fig. 7.16 - ConventionalNRM/ 
TRM plot for sample V39. lOb-l 
Statistical paiameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.28. Empty diamond 
indicate points excluded from the 
palaeofield calculation. 

Power Sample V39.10b-1 
rango (W) N f 9 b Ob Fpalaeo(fiT) Uncertainty 

42-78 9 0170 0.795 5.079 -1.399 0.037 69.935 13.770 

Tab. 7.28 - V39.10b-1 palaeointensity values and statistical parameteis. 
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Sample V39.10b-2 | Arbitrary Unte 
Steps Power (W) X y z Moment Nrm IO* Trm 10* thetan 

D (NRM) 
' MI 

17 ^7660 27170 -65000 85056.95 86.67 0.00 D (NRM) 
' MI 33 -49340 19790 -62770 81837 69 81 52"' Í "̂̂  7 24 90 01 

" M2 , 3/ -48450 ^19490; -60950 80263 10 79 95 7 07 , , 90 01 
M3 ' . 45 -47470 14050 -58060 76300 50 =•75 461', r 1132; } 90 02 ^ 
M4 l ; s o r -45680 "12000 -56370 73540 73" 72 52 ^ 1229 ' 90 08 

^. M5 ^ ce ' -43830 , 7020^ -̂53620 69609 29 67 84 15 86 • 90 22 
" 

^ ce ' 
-41770 4890 V-52370 67165 93 65 13 . 16 97 t X 90 47 

M7 " ^0580 2870 ''':51710 65794 36 "63 40 .',18'39V _ 90 7 2 ^ 
M8 62 -39300 2190 -51050 64462.30 62.03 18.56 9093 
M9 65 -37670 -550 -49480 62190.05 59.19 20.42 91.25 
M10 68 -36090 -360 -49370 61155.66 58.41 19.88 91.67 
M11 70 -34980 -3150 ^7820 59331.91 55.87 21.92 91.92 
M12 72 -31230 -5050 -45990 55820.21 52.25 22.65 93.08 
M13 75 -20650 -17100 -39220 47508.32 40.82 31.27 98.72 
M14 78 1120 -15180 -36210 39279.14 46.47 40.49 126.84 

Tab. 7.29 - V39. lOb-2: Valúes of N R M lost and T R M gained and their angular difierence 6. 
In lìght grey die data used to calcúlate the palaeomtensity. 

Fig. 7.17 - Conventional N R M / 
TRM plot for sanqjle V39.10b-2 
Statistìcal parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.30. Empty diamond 
indicate points excluded from the 
palaeofield calculation. 

Power Sample V39.10b-2 

rango (W) N f 9 9 b Ob Fpalaeo ( ftJ) Uncertainty 
33-60 7 0.209 0.806 3.526 -1.565 0.075 78.244 22.193 

Tab. 7.30 - V39. lOb-2 palaeointensity valúes and statistical parameters. 
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Sample V40.7t>-1 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 1 0 ' theta n 

D(NRM) 46 
: 50 

-28220 
-33600 

49200 
42760 

76080-
748Ì0 

.94895:60 
92487 37 

101 91 
'' '9215>'' 

0 00 
\ 8 03^"^ • 9010" : 

. 55 -33880 40890. 73040 90303 31 : 920 
1216^ ' 

' 90 11-
N 62 l -34450 36190 69460 '"85564 07 84 74 \ 

83 20-^f' 

: 920 
1216^ ' 90̂ 20 7̂" . 

' t 68_ -33740 3iJ750' '68700 84057 36 
84 74 \ 
83 20-^f' 12 46' ' ^ 50 34- f 

/ 75 . -35680 ' 28680" 66210 '80494 53 78 75x \ 17 53 V } 9 0 63 r 
m 80 -34140 23840 63350 75809.68 73.72 19.34 91.24 
M7 82 -33530 20440 61450 72925.70 70.46 21.02 91.72 
M8 85 -31710 16580 58180 68303.24 65.59 22.00 92.40 
M9 88 -30130 10610 55710 64218.32 60.89 25.13 94.03 
M10 90 -28090 9300 55850 63204.12 60.30 25.34 95.33 
M11 95 -26350 -6450 48440 55518.99 49.89 35.33 100.71 
M12 98 -9790 -6490 48330 49736.84 53.79 35.32 116.03 

Tab. 7.31 - V40.7b-1 :Values of N R M lost and T R M gained and thdr tmgular differaice 0. 
In light grey the data used to calcúlate the palaeointensity. 

Fig. 7.18 - Conventianal NRM/ 
T R M plot far sample V40.7b-1 
Statistìcal parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.32. Empty diamond 
indicate points excluded from the 
palaeofield calculatìon. 

Power Sample V40.7b-1 

rango (W) N f 9 9 b Ob Fpalaeo (ftT) Uncertainty 
46 - 75* 6 0.227 0.723 2.554 -1.390 0.089 69.500 27.216 
50-75 5 0.131 0.702 0.733 -1.450 0.182 72.486 98.856 

*including D(NRM) 

Tab. 7.32 - V40.7b-lpalaeointensity valúes and statistìcal parameters. 
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Sample V41.43-1 | . Arbitrary Unite | 
Steps Power (W) X y z Moment Nrm 10' Trm 10* theta C) 

D(NRM) 
- M1 ^ 

46 -82440 -187460. -66560 215331.93 223 04 0 00 D(NRM) 
- M1 ^ . 50 '-72190 -186800 -65000 210548 42 210 35. '9 12 ; ' 90 01 

. IVI2 ' 58 " -63910 -182620 -62810̂  203419 88 202 87, . > 15 01 ->''90 01 
» fM3" K 6̂5 . -52460 ;175000 -60600 192482 24 191 17 , ' 2 2 . 4 8 \ ' 90 02 

M4- ' 72̂  -42010̂ -168010 -57660̂  182529 11 180 18 2̂9 25 ^ ^ '90 03 
M5 ' SO 67610 "-133780 -39450 154998.40 103.09 116.03 ""̂ 90.16 
M6 82 50640 -68990 -38830 93977.65 57.89 78.00 93.84 
M7 85 40620 -30360 -36090 62243.09 39.53 60.79 106.74 
M8 88 25090 17880 -33640 45616.36 1847.07 1862.34 178.69 

Tab. 7.33 - V41.4a-1: Values of N R M lost and TRM gained and their angular difference 9. 
M light grey the data used to calculate the palaeointensity. 

Fig. 7.19 - Conventional NRM/ 
T R M plot for sample V41.4a-1 
Statistical parameters relative to 
the slope and palaeofield estimate 
are sho\vn in Tab.7.34. Empty 
diamond indicate points excluded 
from the palaeofield calculation. 

Power Sample V41.4a-1 
range (W) N f 9 «7 b Ob Fpalaeo (fïT) Uncertainty 
46 - 72* 5 0.192 0.742 5.347 -1.460 0.039 72.996 13.652 
50-72 4 0.135 0.656 2.514 -1.510 0.053 75.519 30.038 

•including D{NRM) 

Tab. 7.34 - V41.4a-1 palaeointensity values and statistical parameters. 
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Sample V41.43-2 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 10' Trm 10* theta n 

D(NRM) 50 140700 45620 .40620. 153387.28 162 27 0 00 
' 55 " 132870 53690 40630' ,148955 87 148 61 Z' " 1018i " ""90 04" 

^ M2 . 60- 122190 b//50 39750 140874 13 139 81 17 48 90 10 . 
M3 ; K 62 \ 

' 65 
113050 62440 37110 134373 39 13212 24 63 ^̂ 9̂0 05 

M4 
K 62 \ 
' 65 -97100 70730 35960 125396 43 11971 37 60 ' ' 9013 

~ MS 61380 80680' 31120, 106043 49 88 90"; 58 36 - 90 36'" _̂  
M6 70 28160 71610 27810 81819.15 " 56.26* 61.06 91.66 
M7 72 4780 54300 26750 60719.86 34.46 54.51 97.22 
M8 75 -40460 21630 21260 50565.36 198.32 227.65 168.89 

Tab. 7.35 - V41.4a-2:Values of N R M lost and T R M gained and their angular difíerence 9. 
hl light gr^ the data used to calculate the palaeointensity. 

250 

5200 
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2150 
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.100 
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z 
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= 0.992 
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Fig. 7.20- Conventional N R M / 
TRM plot for sample V41.4a-2. 
Statistical parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.36. Empty diamond 
indicate points excluded from the 
palaeofíeld calculation. 

Power Sample V41.4a-2 
range (W) N f 9 1 b Ob Fpalaeo (ftT) Uncertainty 

50 - 68* 6 0.452 0.735 8.899 -1.225 0.046 61.269 6.885 
55-68 5 0.368 0.652 4.530 -1.223 0.065 61.174 13.504 

•Including D{NRM) 
Tab. 7J6 - V41.4a-2 palaeointensity values and statistical parameters. 
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AD 1754 lava flow specimens 

TRM 

Fig. 7.21. Stereo plots showing total vectors moving from the measured NRMC S ) towards 
the applied TRM direction ( • ) along great circles. 
Dashed great circles show secondary direction. Dark triangles indicate points used to 
calculate the palaeointensity. 



7.6-AD 1760 

7.6.1 - Site V32 

Samples V32.13-1 & V32.13-2 In sample 13-1 almost all the vectors moved away from 

the defined N R M / T R M great circle (Fig. 7.28) except for the first 4/5 pomts, as also shown 

by the 9 values (Tab. 7.37). Theta, in fiict, started to change gradually starting from 60W 

imtil it reached 78W where it changed more drastically. The N R M / T R M plots showed one 

possible slope and even the excluded pomts that showed 9 >90° seem to fell on the same 

straight line (except for the last one). Including the first point D(NRM) did not change the 

palaeointensity estimate (Fig. 7.22, Tab. 7.38). A demagnetisation experiment using 

microwave has been also carried out on a sister sample, 13-2, to check die stability of the 

N R M As shown in Tab. 7.39 both Dec and Ihc were very stable until the end of the 

experiment but at the maximmn power applied, which is also the maximum available, the 

moment was not demagnetised completely and there was some 30% left (Fig. 7.23). 

7.6.2-Site V35 

Samples V35.9b-1 & V35.9b-2 A l l the vectors defined a unique great circle (Fig. 7.28) 

but at 182 W the Dec was only some 40° away from the initial value. The N R M direction 

was very stable as shown by the 9 value (Tab. 7.40) but tilie N R M / T R M plots showed two 

possible slopes, [a] at low power (58-125W) and [b] at high power (125-175W), excluding 

the last two points (Fig. 7.24, Tab. 7.41). Another paleointensity estimate has been 

calculated, [c], considering the entire spectra of power. The demagnetisation of the sister 

sample 9b-2 showed a quite stable N R M especially in declination, up to 165W vidiere there 

was some 20% of the moment still remaining (Fig. 7.25, Tab. 7.42). 

7 .63-Si te V34 

Sample V34.8-1 & V34.8-2 For both samples the vectors defined a great circle (Fig. 7.28) 

but the Dec did not swing gradually towards die T R M direction. The total vector jumped of 

about 50° at the last point but did not he on die great circle. This behaviour was also clearly 
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shown by the 6 values (Tabs 7.43,45). The N R M / T R M plots showed one possible slope, for 

both samples, considering ordy the first 6/7 two points (Figs. 7.26,27, Tabs. 7.44,46). 

7.7-AD 1806 

1.1.\ - Site V25 

Sample V25.2-1 The vector end point of the total magnetization defined an almost perfect 

great circle and it swung fi^m the direction of the N R M through 90° to the direction of the 

T R M (Fig. 7.33). The angular difference between the two directions had stayed very 

constant throughout the experiments (Tab. 7.47) and a stable N R M direction can be 

hypothesised until at least 75W. The N R M / T R M plots showed a concave shape and the last 

four points can not be considered because they were slightly away fi-om the great circle 

although 0 was still about 90°, except the last point (Fig. 7.29, Tab. 7.48). 

Sample V25.2-2 Almost all the points did not he on the great circle defined by the 

N R M / T R M directions but they seemed to define a secondary direction (Fig. 7.33). The 

0 angles showed unacceptable behaviour; in feet it was always bigger then 90° (Tab. 7.49). 

Therefijre, no acceptable palaeofield were estimated fi-om this sample (Fig. 7.30). 

7.7.2-Site V24 

Sample V24.3-1 & V24.3-2 In sample 3-2, only the vectors within the range 17 - 27 W 

lay on the N R M / T R M great circle while the other vectors seemed to follow a secondary 

direction (Fig. 7.33). The angular difference 0 , mcreased shghtly until step M7 after which 

the increases were more significant (Tab. 7.50). Only the points which showed 0 <90° were 

considered and from the N R M / T R M plots one slope and one value of the palaeofield were 

estimated although its statistical parameters were not well defined (Fig. 7.31, Tab. 7.51). 

The demagnetisation of the sister sample 3-1 showed a quite stable Inclination while the 

Declination increased progressively to about 5°, up to 152W where there was some 10% of 

the original moment still remaining (Fig. 7.32, Tab. 7.52). 
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Sample V32.13-1 | Arbitrary Units 1 
Steps Power (W) X y z Moment Nrm 10' Trm 10' theta C) 

D(NRM) 33 -49950 26620 93810 109562 51 117 19 0 00 
MI 40 -52140 18550 94590 109589 92 109 29 8 39'"' Í 90 13̂  
M2̂  - ,45 ~ -51010 15950 92500 1̂06830 11 106 37 10 31 90 22 

^ .M3Í 52 -50250 10600 88760 102546 38 '101 55 14 73̂  - 90 26 
60 -46790 "̂ 2450 86050 97979 13 95 96 . 21.44 90 96 

M5 65 -43150 -2030 82590 93204.89 ' 90.59 24.63 91.62 
M6 68 -39910 -1690 82980 92094.22 89.93 24.31 92.59 
M7 72 -38080 -4750 80980 89612.55 86.97 26.73 93.06 
M8 78 -31730 -14140 74120 81856.62 77.42 34.06 94.94 
M9 80 -13660 -21420 67420 72047.68 69.76 43.13 104.80 
MIO 82 19480 -8950 59800 63526.47 103.04 79.87 141.95 

Tab. 7J7 - V32.13-l:Values of N R M lost and T R M gained and tìieir angular difference G. 
to light grey the data used to calculate the palaeointensity. 

140 
Microwave - AD 1760 - Sample V32.13-1 

—120 , 

5 1 0 0 

I 60 
.Q 

^ 40 -I S 
OC 

^ 20 

= 0.988 

20 40 60 80 
TRM X 10* (Arbitrary Units) 

100 

Fig. 7.22 - Conventional NRM/ 
T R M plot for sample V32.13-1 
Statistical parameters relative to the 
slope and palaeofíeld estimate axe 
shown in Tab.7.38. Empty diamond 
indicate points excluded nom the 
palaeofíeld calculation. 

Power Sample V32.13-1 
range (W) N f 9 <7 b Ob Fpalaeo (ftT) Uncertainty 
33 - 60* 5 0.181 0.722 3.234 -1.011 0.041 50.548 15.632 
40-60 4 0.114 0.645 0.937 -1.008 0.079 50.378 53.751 

•including D(NRM) 

Tab. 7.38 - V32.13-1 palaeointensity values and statistical parameters. 
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SampleV32.13-2 Arbitray Units 
Steps Power Moment Dec Inc 
Demag (watts) 10» 
NRM 0 84.3 172.2 69.3 
1 17 82.5 171.2 68.7 
2 33 79.2 170.8 68.4 
3 40 78.6 170.3 68.5 
4 45 77.6 170.8 67.5 
5 52 76.9 170.2 68.0 
6 62 71.9 170.3 68.2 
7 75 67.2 169.2 68.2 
8 88 46.7 171.5 67.1 
9 100 42.2 170.8 67.7 
10 112 30.2 170.6 68.2 
11 125 26.7 174.2 67.5 
12 138 26.0 173.1 68.3 
13 150 25.2 171.6 67.5 
14 162 29.2 166.7 72.3 
15 175 25.8 174.2 68.3 

Tab. 7.39 - Directional and Intensity valúes 
ofsampleV32.13-2. 

Microwave Demagnetísation - V32.13-2 

20 40 60 80 100 120 
Power (watts) 

180 200 

Fig. 7.23 - N R M demagnetisatirai of sample V32.13-2, using microwave, to check 
the behaviour of the N R M and in particular the stabüity of Dec and Inc throughout 
the e}q>erunent. 
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Sample V35.9b-1 | Arbitrary Units 
Steps Power (W) Moment Nrm 10' Trm 10' thêta (°) 

D (NRM) 
- Ml . -

ŜM3̂ :.... 

M8i.̂ 1 
M9® 
Miolf 
M ' I I 'I 
M 1 ^ 
M13|â 
MI4' " 
M15 

50 -79950\ -31530 -39140 
-80510̂ -32660̂  -̂ OMf 

^ L?68„ '̂ ;rç,-77280,̂  -34280 .¿-39100 
ii^SO - -76060; -3546a„-38870 
Cb.95^- t.-741505̂ 36790 -38210 
s 108--73580^^6470 "̂ 38210; 
--̂ 125 ^ -69820 #-38130«-37130 

94435.60 
; 95685 65| 
'93145 73:1 
92484 ©B 

H91168 69 
90576 38 

^̂ 87791̂ 61 Ì 
.:îr138 -62850.-39530 -35010? 82088 02 

l'42- î -59740 ĵ 9550 "̂ -33980 79295 08 
148 s-59350 -39550 -33800 78924 43 

"''155 -58540 -39560,-33650 ' 78257 57 
165 ^ -54790 '-40520̂ -32400 75455 78 

% 172 " -45360 -42140 -29940 68772 91 
[^175^ -26280̂ -45050 -25710 58147 61 

178 -22430^-3932Ô' -25280 51848.30 
182 -21660 -38650 -24990 50867.26 

97 82 
•̂ 95 68 '-̂  

,93Q8i^" i 3 58"V,k; 92 34L 
-90 90" 705 

^§5 
II 
90 
m. :9b^31-^-ÇV 6 99. 

-87 24- 9 9^%^_^ :̂ Ĵ 90 
80 93, 
77 89 
77 48 . 
76 74 
7̂3 38 " 
64 97' " 

„48 38 ' 
43.43 
42.48 

13 81 
•̂ 14 99 

1̂513 
1546 
17 73 
22 81 
32 90 
29.57 
29.29 

90 
90 
90 
90 

-90 
90 
90 
91 
91. 

08 " 
04^ 
03 
02 ^\ 
04>̂  
04»^ 
07, 
09~ 
09 ^ 
11. 
11 ' 
23̂  
76: 
62 
73 

Tab. 7.40 - V35.9b-l:Values of N R M lost and T R M gained and their angular différence 9. 
in ligfat and dadc grey the data used to calculale the palaeointensity. 

120 

S 

Microwave - AO 1760- Sample V35.9b-1 

•snoOi 

60 

[a] R̂  = 0.980 

- - -{c] R̂  = 0.988 [b] R̂  = 0.998 

10 , 20 30 
TRM X 10» (Arbitrary Units) 

40 

Fig. 7.24 - Conventional N R M / 
T R M plot for sample V35.9b-1 
Statistical parameters relative to 
the slope and palaeofield estimate 
are shown in Tab.7.41. Einpty 
diamond indicate points excluded 
from the palaeofield calculation. 

Power Sample V35.9b-1 
range (W) N f 9 9 b O d Fpalaeo ( fiT) Uncertainty 
50- 125* 7 0.108 0.788 1.321 -0.991 0.064 49.526 37.500 

[a] 58-125 6 0.086 0.731 0.891 -0.916 0.065 45.821 51.412 
b] 125-17e 8 0.397 0.730 17.090 -1.681 0.029 84.034 4.917 
50- 175* 14 0.505 0.824 12.772 -1.507 0.049 75.362 5.900 

[c] 58-175 13 0.484 0.810 11.765 -1.534 0.051 76.709 6.520 

Tab. 7.41 - V35.9b-lpalaeointensity values and statistical parameters. 
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Sample V35.9b-2 Arfaitray Units 
Steps Power Moment Dec Inc 
Demag (watts) 10' 
NRM 0 107.8 165.5 -26.8 
1 17 107.2 165.6 -25.8 
2 37 105.7 165.0 -25.7 
3 50 104.9 164.9 -25.6 
4 62 101.3 165.0 -25.5 
5 75 97.1 165.1 -25.4 
6 80 94.8 165.2 -25.4 
7 88 81.7 165.0 -25.1 
8 100 44.2 164.3 -24.0 
9 120 21.4 165.1 -23.5 
10 128 21.8 164.2 -23.0 
11 138 21.4 165.6 -23.2 
12 140 20.1 167.2 -17.8 
13 142 18.8 163.4 -22.4 
14 155 18.2 165.8 -24.1 
15 165 18.2 163.2 -22.0 

Tab. 7.42 - Directional and Intensity valúes 
of sample V35.9b-2. 

120 

^ 100 

•b 2 80 i 
0 g 60 
E o 
o 2 

S I 40 

i ' ° 

O 

Microwave Demagnetisation - V35.9b-2 

20 40 60 80 100 120 
Power (watts) 

140 160 180 

Elg. 7.25 - NRM demagnetisatirai of sanqjle V35.9b-2, using microwave, to chedc 
tile béhaviour of the NRM and in particular the stability of Dec and tac throughout 
theexperiment 
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Sample V34.8-1 | Arbitrary Units 1 
Steps Power (W) Moment Nrm 10 Trm 10' theta (°) 

D (NRM) 
"MI d 

M2 ^ \ 
M3"'! 

M5, 

M7 
MS 

37 
- 42^ 

^ 50^ 
> ^60f 

72 
-.1821 

90 
95 

-102120 
-103170 
•--101430, 

- -101640-
-101020 
-90970̂  

* -80930' 

-49960 
-49720̂  

-70020 
-14370 

31850 
25250 
22450 -48970 
21960 -̂49240 ' 
21860 9̂200'i 
5830 "43220;: 
-8040_>r-40590_ 
-17520" -37S«r 
-90550 -27310 

118063.20 
117276T3 
114848 20 
1Ì5054 37 
115000 54 
1Ò0883 59 
90894 lA^ 
81403.44 
95664.18 

123711 O.00 
117 09""";̂ /"e 62"̂  
11̂ 51" , 8 79 

,114 68''' 9 33-
j n 6 2 w ; ; 942' 
'98 56 ^ 2159 

golji'^-
90 02" 
90 02 
90 0 2 -

85:!6 
72.22 
32.05 

32 18. 
38.42 
101.03 

- 90 04̂  h 
90:28_v* 
90.68 
108.77 

Tab. 7.43 - V34.8-1 :Values of N R M lost and TRM gained and their angular diflference 6. 
In tight grey die data nsed to calmiate the palaeointensity. 

140 
Microwave - AD 1760- Sample V34.8-1 

-̂ 120 
» 
a 
=100 -
£« 

1 80 -

X 40 -

2 20 

0 -

R^ = 0.999 

20 40 . 60 80 100 
TRM X 10* (Arbitrary Units) 

120 

Fig. 7.26 - Conventional NRM/ 
T R M plot for sample V34.8-1 
Statistical parameters relative to the 
slope and palaeofield estimate are 
show in Tab.7.38. Empty diamond 
indicate points excluded from the 
palaeofield calculation. 

Power Sample V34.8-1 
rarìge(W) N f 9 tf b Ob Fpalaeo ( ftJ) Uncertainty 

37-72 6 0.259 0.564 8.519 -1.270 0.022 63.490 7.452 

Tab. 7.44 - V34.8-1 palaeointensity values and statistical parameters. 
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SampleV34.8-2 | Arbitrary Units 
Steps Power (W) Moment Nrm 10* Trm 10* thêta {") 

D (NRM) 

.,M2"̂ ^ 
M3 

-^M4.., 

M6 
^ M T a , b 

MS"" 
Mg 
M10 
M11 

37 

48 "i" 

60 
62 
68 
70 

123980 -43700 
124740- '-33600 
119880,-̂ ;27070 
115270̂ -21040 
116160 -19400 
fl3120 1̂6890 
108140? -7610 
103570 j;̂ -650 
97930 3420 
94890 4890 
90970 71620 
26440 52710 

-53760 
-5285lO|̂  
-5234ÔS, 
ir49500r 
498lp| 
-5o:â6l 
-45#0| 
j45130 
-43560 
-43260 
-33220 
-33660 

142024.18 
139563 33 
133579 47 
127201 04 
127900 42 
124913 79 
117623 05 
112977 36 
Î07235.51 
104400.44 
120451.37 
67900.02 

147.46 
139'22 
'132 81 
125 85 

-126 28 
123 02 2. 
114 05̂ '̂ '' 
107 80 * 

0.00 
•̂ 9 78 

14 50 
18 59p 

;20 44̂  " 

101.09 
97.94 
70.33 
35.48 

22 04' 
28 90 
3414̂  
36.25" 
36.79 
98.06 
66.92 

90 Ois " 
"90 08 

; ODOO-̂  
90 06 ^ * 

'.9017 C 
-90W\.S 
^0 18 1 
90.27 
90.38 
90.23 
103.73 

Tab. 7.45 - V34.8-2:Values ofNRM lost and I R M gained and their angular différence 9. 
In light grey the data used to calculate the palaeointensity. 

160 
Microwave - AD 1760- Sample V34.8-2 

140 -1 

c120 ^ 

l'IDC -I 

•S 80 -

o 60 ^ 

s 40 \ 

20 

0 

= 0.994 

20 40 , 60 80 100 
TRM X 10* (Arbitrary Units) 

120 

Fig. 7.27 - Conventional N R M / 
T R M plot for sample V34.8-2 
Statistical parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.42. Empty diamond 
indicate points excluded fitim the 
palaeo&eld calculation. 

Power Sample V34.8-2 
range (W) N f 9 q b Ob Fpalaeo(fiT) Uncertainty 

42-58 7 0.213 O.i/I 4.620 -1.288 0.046 64.380 13.934 

Tab. 7.46 - V34.8-2 palaeointensity valu^ and statistical parameters. 
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AD 1760 lava flow specimens 

Fig. 7.28. Stereo plots showing total vectors moving from the measured NRM( M ) towards 
the applied TRM direction ( • ) along great circles. 
Dark tìiangles indicate points used to calculate the palaeomtensity. 
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Sample V25.2-1 | Arbitrary Units 1 
Steps Power (W) 

D (NRM) 25 
. Ml 26. 

M2̂  . 27 ~ ^ 
7 M3 - ' 28 

. M4' 30 ' 
M5 . . '32 

V M6 - 36 V s.."?M7 ^ SŜ "" 
,M8 42 -

, MQ ^ "46 ^ 
M10 50 -

- M11 . H55 ^ 
M12 62 ..r 
M13 68 
M14 75 
M15 88 
M16 105 
M17 120 
M18 135 

Moment Nrm 10* Trm 10' thêta (°) 
-32050 -33360 -185460 191142.63 
-9340 -48320 -167720 174791 47 
-4890 -50390 -166460 173988 49 
-2310 -49910 -160590 168182 91 
-2260 -51880 -161590 16972911 

' 870 -54530 -153440 J 62843 83 
6710 '-55̂ 00.-141980 152553 28 
9780' -5758d' -143190 154643 08 
12940 -58490 1̂37670 150138 44 

M8710 -61500 -130910 145841 50 
29400 ^040'-118430 138749 08 
34280 "̂ 8790 -115840 139018 30 
3̂8770 -69970̂ -110180 136"l56 33 

"43990 -72060̂ -105970 135489 50 
47720 -76530 '-100010 134726 97 
56980 -81900 -95840 138346.07 
82130 -96160 -83510 151545.38 
110020 -1E+05 -72220 174436.49 
188330 -2E+05 -39410 251532.46 

228.44 
M72 73 ^ 
-171 13, " 
164 93' 
1̂66 22' 
158 25 V 
146 30 
147 35 -

.-141 62~ 

121 53̂ -
118 69 -
112 681 > 
108'13" 

,102 44 " 
97.82 
84.43 
72.50 
41.72 

0.00 
26 75 . 

""3143 
'33 00 
34 34̂  
38 41. 

'43 22 ' -
46 95^v 
49 87 

5611̂ V ' 
66 99 
72 44 *̂  
76 53 
81 79 
87 54 \ 
97.92 
126.11 
159.06 
249.19 

90 01 
90 02 
90 04 "̂̂  
90 01-..: 
90 01 
90 01 ' 
90 01 " ' 
90 01 -
90 01 
90 02 " 
90 04- . 
90 05-
90 08 - " 
90 03 
90.06 
90.19 
90.33 
91.57 

4 i 

Tab. 7.47 - V25.2-1 :Values of N R M lost and T R M gained and Ûieir angular différence 6. 
]h light grey the data used to calculate the palaeointensity. 

250 

S200 
c 
3 

«150 

< 

te 50 

Microwave - AD 1806 - Sampie V25.2-1 

\ 
R̂  = 0.987 

Fig. 7.29 - Conventional NRM/ 
TRM plot for sample V25.2-1 
Statistical parameters relative to 
the slope and palaeo&eld estimate 
are shown in Tab.7.46. Enqity 
diamond indicate points excluded 
from the palaeofield calculation. 

50 100. 150 200 250 300 
TRM X10* (Arbitrary Units) 

Power Sample V25.2-1 
range (W) N f 9 b Fpalaeo (nT) Uncerbu'nty 

26-75 14 0.308 0.878 8.105 -1.198 0.040 59.904 7.391 

Tab. 7.48 - V25.2-1 palaeointensity values and statistical parameters. 
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Sample V25.2-2 Arbitrary Units 1 
Steps Power (W) X y z Moment Nrm 10* Trm 10* theta C) 

D (NRM) 26 -34560 -13790 -48010 60741.40 66.57 0.00 
MI 28 -21590 -30810 -48110 61073.37 57.49 21.12 90.51 
M2 29 -12300 -25450 -48300 55963.22 52.77 23.22 94.50 
M3 30 -9290 -22920 -48270 54236.73 51.61 24.17 97.05 
M4 31 -8230 -21680 -48470 53731.71 51.49 24.58 98.37 
M5 32 -6210 -20050 -47470 51903.44 50.06 25.18 100.20 
M6 33 -2910 -18120 -47840 51239.32 50.21 27.75 103.83 
M7 35 -340 -14530 7̂690 49855.52 50.72 29.67 108.75 
M8 36 2720 -10420 -47230 48442.21 52.26 33.02 115.31 
M9 37 2390 -3510 -46650 46842.87 56.35 35.74 124.11 

Tab. 7.49 - V25.2-2:Values of N R M lost and T R M gained and their angular difference 9. 

70 

^0 » 
350 
a 
¿40 ja 

»<20 S 
iL 
Z i o - I 

Microwave - AD 1806- Sampie V25.2-2 

10 . 20 30 
TRM X 10* (Arbitrary Units) 

40 

Fig. 7.30 - Conventional N R M / 
TRM plot for sample V252-2 
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Sample V24.3-2 | Arbitrary Units 
Steps Power (W) X y z . Moment Nrm 10' Trm 10* theta (•) 

D (NRM) 17 '34550 -56100 73830 98953.43 120.50 0.00 
MI 20 -31540 -56630 73800 98225 09 98 18 , 296 ^ 9̂0 07 , 

.,~M2 , 21 =!* ,-19470 -57510 69290 92128 09 .91 12 13 72 ' - 90 10 
M3 23 î -15030 -53540 66480 86671 93 -85 32̂  15 89, ^ 90 42 
M4'i Ol 

«TN. -11770 -̂50620 63990 8̂2435 66 80 77 ' 17 53' ^ 90 72 
M5 31 -€160 -46790 60950 77085.36 74.65 "21.07 ~ 91.37 
M6 35 -1920 -43400 58510 72874.32 69.79 23.67 92.09 
M7 42 3100 -37430 55370 66906.29 63.24 26.52 93.87 
M8 52 12970 -27610 50170 58715.94 53.46 33.37 98.45 
M9 58 12080 -13300 47780 51046.50 51.28 35.19 110.48 
M10 60 7280 -4220 46930 47678.42 55.86 38.71 122.86 

Tab. 7.50 - V24.3-2:Values of N R M lost and T R M gained and their angular difference 0. 
Ih light grey the data used to calculate the palaeointensity. 

140 

_120 

5l00 

I 80 

J 40 
OC 

Z 20 

Microwave - AD 1806- Sample V24.3-2 

= 0.877 

0 10 20 30 40 
TRM X 10̂  (Arbitrary Units) 

50 

Fig. 7.31 - Ckmventional N R M / 
T R M plot for sample V24.3-2 
Statistical parameters relative to the 
slope and palaeofield estnnate are 
shown in Tab.7.49. Empty diamond 
indicate points excluded from the 
palaeofield calculation. 

Power Sample V24.3-2 
range (W) N f 9 b Ob Fpalaeo ( /tT) Uncertainty 

20-27 4 0.145 0.656 0.376 -1.147 0.289 57.337 152.294 

Tab. 7.51 - V24.3-2 palaeointensity values and statistical parameters. 
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Sample V24.3-1 Arbítray Units 
Steps Power Moment Dec Inc 
Demag (watts) 10» 
NRM 0 129.3 50.7 -32.4 
1 8 128.0 50.8 -33.2 
2 12 125.4 51.3 -33.5 
3 17 122.1 51.5 -33.6 
4 25 115.1 51.8 -33.9 
5 29 110.9 52.8 -34.6 
6 33 110.6 52.6 -34.1 
7 42 102.3 52.8 -34.2 
8 50 93.8 53.2 -34.6 
9 58 91.8 52.7 -34.6 
10 65 88.2 53.4 -35.5 
11 70 85.2 53 -35.2 
12 75 82.9 53.7 -35.6 
13 80 82.1 52.9 -35.3 
14 85 805 53.1 -35.1 
15 95 75.9 53.4 -34.6 
16 105 69.6 53.2 -35.2 
17 112 67.8 53.5 -34.9 
18 122 51.5 54.4 -36.5 
19 132 43.7 54 -36.3 
20 142 30.2 56.3 -34.3 
21 152 13.1 55.3 -27.3 

Tab. 7.52 - Directional and Intensity valúes 
of sample V24.3-1. 

Fig. 7.32 - NRM demagnetisation of sanq>le V24.3-1, using microwave, to dieck 
the behaviour of the NRM and in particular the stability of Dec and Lac tfaroû ut 
the experiment 
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AD 1806 lava flow specimens 

Fig. 7.33. Stereo plots showing total vectors moving from the measured NRM( S ) towards 
the applied TRM direction ( • ) along great circles. 
Dashed great circles show secondary direction. Dark triangles indicate points used to 
calculate the palaeointensity. 
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7.8-AD 1839 

7.7.1 - Site V42 

For sample 13b-l only the first four vectors defined a great circle (Fig. 7.39). Starting 

from 65W all subsequent vectors moved away it. The 0 values showed significant changes 

(>90°) starting from step M3 (Tab. 7.53). The N R M / T R M plots showed one possible slope, 

considering only ft)ur points, D(NRM) included, and excluding the others although they fell 

on the same straight line (Fig. 7.34, Tab. 7.54). 

7.7.2- Site V43 

Sample V43.9c-1 & V43.9c-2 For sample 9c-2 almost all the vectors defined a great circle 

(Fig. 7.39) except the last three. At step M 9 the Dec of the total vector was only some 40° 

away from die N R M direction. The 0 values showed an almost constant value until MIO 

(Tab. 7.55) when it started to increase. The N R M / T R M plots showed one possible slope, 

excluding the last foxu points. Considering or not the first point D(NRM) did not change the 

palaeofield estimation (Fig. 7.35, Tab. 7.56). The microwave demagnetisation of the sister 

sample 9c-1 showed high stability of N R M especially in hiclination, starting from 55 up to 

122W (Fig. 7.36, Tab. 7.57) 

7.7.3- Site V44 

Sample V44.3b-1 It showed very anomalous behaviom (Fig. 7.39). Theta angle stayed 

constant until M8 when it slightly increased until M i l when it kept an almost constant value 

(-92.50°). After this point it increased again until the end of the experiment (Tab. 7.58). It 

vfas possible to determinate one slope (Fig. 7.37, Tab. 7.59) but this was very poorly 

defined. 

Sample V44.3b-2 None of the vectors lied on the N R M / T R M great circle and they 

seemed to follow a secondary direction (Fig. 7.39). The angle 0 was >90 starting from step 

M2 vdiere it increased gradually until step M8, v^en changes were more significant (Tab. 

7.60). Although almost all the points were on the same straight line (Fig. 7.38), none of 

these points fiibBilled any of the three requirements needed to be accepted. 
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SampleV42.13b-1 | Arbitrary Units 1 
Steps Power (W) X Moment Nrm 10* Trm 10* theta (°) 

p,(NRM) 

M2 -

M4 
M5 
M6 
M7 
M8 
M9 
MÍO 
Mil 

50 -50600 -50320 -
rlSBi^t- -38260 
/62* '̂ -̂28560 

68 -17230 
70 -12880 
72 -11850 
75 -3600 
78 400 
80 -180 
85 25960 
88 10000 

-59650 I 
-58090̂ 1 

.-5542^ 
-52910 -
-51010 -
-49480 -
-48180 -
-41350 -
-39660 -
-29400 
4440 

131600 
ÍÍ3P36IÍ 
125980 
1197̂ 0 
-119410 
-116470 
-115940 
-111560 
-110620 
-109830 
-96820 
-93950 

149703 11 
148376 82 

,14,163715 
3.33526 38 
131738Í72 
127801.31 
126612.70 
121572.64 
118096.43 
116771.47 
104462.40 
94584.97 

161 46 
147 58 -
140 071̂ -̂, 

JSI^I"" 
12Í32 
124.97 
123.86 
117.56 
114.84 
113.95 
99.15 
111.91 

000 
15 37"-; 
21 96 
26 76"̂ ^ 
28.69 
31.41 
31.82 
38.06 
40.48 
39.56 
60.38 
63.84 

, 90 03 
V 90 38 

..90 85̂  
91.48 
91.99 
92.36 
93.14 
95.44 
95.83 
102.37 
122.39 

Tab. 7.53 - V42.13b-l:Values of N R M lost and T R M gained and their angular diffeatmce 6. 
In light grey the data used to calcúlate the palaeointensity. 
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80 

Fig. 7.34 - Conventional NRM/ 
T R M plot for sample V42.13b-1 
Statisücal parameters relative to 
the slope and palaeofield estímate 
are shown in Tab.7.51. Enq)ty 
diamond indícate points excluded 
ñom the palaeofield calculatíon. 

Power Sample V42.13b-1 
range(W) N f 9 1 b Ob Fpalaeo (/íT) Uncertainty 

50-65 4 0.187 0.642 1.124 -1.099 0.118 54.931 48.869 

Tab. 7.54 - V42.13b-1 palaeointensity valúes and statistical páramete . 
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Sample V43.9C-2 | Artitrary Units 
Steps Power (W) Moment Nrm 1 0 ' Trm 10* thêta (°) 

D(NRM) 
M1 
M2 , 
M3 g 
M4 I 
M5 i 

' M6, -1 
M7.I 
M8̂  
m' 
M10 
M11 
M12 

42 
45 

^-50 
55 
60 

" 65' 
'^70 

75 
80 
88 
90 
92 
95 

-36780 > 
-36050^ 
-3462tfi 
-33970^ 
-32440 
-̂31210 
-28850 
-26910 

*-25330 
-17160 
-1530 
1130 
5880 

-16100 
-19000 
-19320 
t20060 
-20580 
-21230 
-2246Ô 
-22710 
-23120 
-25670 
-26500 
-16780 
-8120 

59630 
^59380 
59790 
59020-

'"58620 
57530 
56100 

' 55030 
'54140,, 

50180 
43840 
43380 
41000 

71886.82 
72017 96 
71740 16 
70991 02 
70087 05 
68807 54 
66962 56 
6̂5331 41 
64088 09 
58918.99 
51249.75 
46526.01 
42207.92 

75 68 
4 71 96? 
>1 64 

, 70 83 
69 84 
68 46J 
66 35| 
64561 
63 j i 
56.53" 
45.65 
44.87 
45.50 

0 00 
3 00 " 
3 87 ^ . 
4 78 , „ 

^5 98 
7 06, 

" 9 21 
10 38 
1151 
17̂ 84 
27.87 
25.76 
29.41 

90 05 
90 05 
90 03 
90 11 
90 12 
9018, 

"90 33 
90 45 
91.23 
95.30 
102.80 
115.55 

Tab. 7.55 - V43.9c-2:Values of N R M lost and T R M gained and tiieir angular différence 0. 
In light grey the data used to calculate the palaeointensity. 
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Fig. 7.35 - Conventional NRM/ 
TRM plot for sanqjle V43.9c-2 
Statistical parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.53. Empty diamond 
indicate points excluded firom the 
palaeofield calculation. 

Power Sample V43.9c-2 
range (W} N f 9 9 b Ob Fpalaeo ( /tf) Uncertainty 

42 - 80* 9 0.166 0.827 4.135 -1.061 0.035 53.031 12.826 
45-80 8 0.117 0.829 2.124 -1.066 0.049 53.321 25.109 

•induding D{NRM) 

Tab. 7.56 - V43.9c-2 palaeointensity values and statistical parameters. 
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Sample V43.9o-1 Arbitray Units 
Steps Power Moment Dec Inc 
Demag (watts) 10» 
NRM 0 150.7 160.3 -61.0 
1 17 148.7 159.9 -60.8 
2 37 143.1 1603 -60.4 
3 50 143.5 159.9 -60.7 
4 55 134.3 149.0 -58.6 
5 58 133.8 148.9 -58.6 
6 60 131.8 148.5 -58.5 
7 65 128.1 148.5 -58.7 
8 70 125.2 148.4 -58.7 
9 78 1114 148.0 -58.4 
10 82 89.8 147.9 -58.5 
11 88 73.4 146.3 -58.5 
12 98 48.9 144.6 -58.3 
13 122 46.9 146.3 -58.2 

Tab. 7.57 - Directional and Mensity valúes 
ofsanq)leV43.9c-l. 

Fig. 7.36 - N R M demagnetisaticm of sample V43.9c-1, using microwave, to dieck 
the behaviour of tfae N R M and in particular the stability of Dec and Inc tbroughout 
the experiment 
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Sample V44.3b-1 | Arfaitrary Units 
Steps Power (W) X y z Moment Nrm 10* Trm 10* theta {") 

D (NRM) 26 -18500 -42750 -49780 68175.22 78.14 0.00 D (NRM) 
r '29 -17820 -42110 -49680̂  67519 68 '67 52 0 67^"' ' ,90 26̂  

M2 33 -17140 -41010̂  -48080 
^570 

65477 37 65 48 0 69 % . ^ 90 12 , 
40 -15310 -40260'" 

-48080 
^570 61981 84 61 95 217 \ 90 225̂  

-14910 -38850 ̂ -42900 59766 55 5̂9 74 '-̂  2 04 -.90.28 
M5 ""...SO Vr-12190 -36960 '^110 55887 83 „ 55 78 , 3 60 ^.90 12 

^ Me ^ ,1. 60 . -10920 .,̂ 34400 ,-35900̂  50905 96 ..5078^: 4̂J)1 f i .̂..̂  90 43 "~ 
M7 72" -8810 -31320" ̂32170 45754.42 45.55 4.63 '90.35 
M8 82 -3870 -22760 -18730 29728.g0 29.24 6.55 92.10 
Mg 90 1450 -17080 -8870 10300.41 17.57 9.54 94.68 
M10 92 3440 -16270 -9330 19068.18 16.48 10.25 92.22 
M11 95 2590 -14190 -7950 16470.18 14.41 8.68 92.68 
M12 100 5020 -12520 -3230 13870.25 10.10 10.76 96.6g 
M13 105 5130 -10340 570 11556.70 7.79 11.02 106.44 
M14 108 5450 -9850 2510 11533.65 8.08 12.33 115.02 
M15 110 6070 -8720 4880 11691.78 9.44 14.86 128.15 
M16 112 6580 -7090 4440 10643.22 7.38 13.28 126.84 
M17 115 7970 -6210 6840 12201.25 11.91 19.19 142.24 
M18 118 8680 -3570 8030 12351.85 22.95 30.89 150.53 

Tab. 7.58 - V44.3b-1 :Values of N R M lost and T R M gained and their angular difference 9. 
In lìght grey the data used to calcúlate the palaeointensity. 

Fig. 7.37 - Conventional N R M / 
T R M plot for sample V44.3b-1 
Statistical parameters relative to the 
slope and palaeofield estimate are 
shown in Tab.7.55. Empty diamond 
indicate points excluded &om the 
palaeoñeld calculation. 

Power ( Sample V44.3b-1 
rango (W) N f sr b Ob Fpalaeo (/iT) Uncertaìnty 

2g-60 6 0.214 0.778 1.369 -4.409 0.537 220.455 161.011 

Tab. 7.59 - V44.3b-1 palaeointensity valúes and statistical parameters. 

Microwave - AD 1839- Sampie V44.3b-1 
90 

_80 i 
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Sample V44.3b-2 | Arbitrary Units 
Steps Power (W) X y z Moment Nrm 1 0 ' Trm 10* theta C) 

D (NRM) 25 -17280 -41460 52210 68872.45 71.27 0.00 
M1 29 -570 -44190 51440 67817.07 65.79 16.66 9017 
M2 30 1570 -38730 51260 64265.58 62.17 17.71 91.26 
M3 31 3320 -36560 50930 62781.53 60.43 19.18 91.95 
M4 32 4520 -34700 50870 61743.64 59.27 20.30 92.70 
M5 33 6080 -33140 50180 60442.19 57.68 21.60 93.23 
M6 35 7690 -30180 49680 58635.07 55.75 23.16 94.59 
M7 37 9190 -28600 49020 57492.40 54.32 24.47 95.28 
M8 42 12910 -23320 47620 54572.47 50.94 28.20 98.26 
m 45 15650 -12710 45290 49574.70 47.71 33.20 106.91 
M10 48 9730 -1950 45050 46130.01 53.38 38.30 122.36 

Tab. 7.60 - V44.3b-2:Values of N R M lost and TRM gained and their angular difference 6. 

80 

70 

c60 

1*50 

|40 

"o 30 
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s20 -I 

Microwave - AD 1839- Sampie V44.3b-2 

•10 
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o 

O 10 20 30 40 
TRM X 10* (Arbitrary Units) 50 

Fig. 7.38 - Conventional NRM/ 
TRM plot for sample V44.3b-2 
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AD 1839 lava flow specimens 

Fig. 7.39. Stereo plots showing total vectors moving from the measured NRM( B ) towards 
the applied TRM direction ( • ) along ̂ eat circles. 
Dashed great circles show secondary directions, dark triangles indicate points used to 
calculate the palaeointensity and up-side down triangles indicate points in the upper 
hemisphere. 318 



ChapterVIII-

Rock Magnetic Properties 

8.1 Introduction 

In this chapter the rock magnetic properties, investigated using the techniques described 

in chapter 3, are described. The results bave been divided mto three différent types; A l , 

A2 and B plus the anomalous behaviour showed by one sample, \\diich will be referred to 

as Ex (for exception). The first order discrimination for thèse groups was based on the 

IRMs 3 component and the low field susceptibility (K) behaviour. A second order 

discrimination was based on the coercivity of remanence (HCR) and the KARM/K ratio. 

Représentative examples for each case will be illustrated. 

8.2 Description of Type A l samples 

a) First order discriminators 

3 axes IRM - AU the samples in this group showed a dominance of the médium 

coercivity fractions that were mainly removed at 580°C following a convex 

demagnetization curve (Fig. 8.1). The initial intensities of the soft filetions were no more 

than 30% of the maximum initial mtensity of the médium component and it was removed at 

about 560-580°C. The initial intensities of the hard fractions were mostly negUgible, being 

only about 15 % of the intennediate fi^ction uiitial intensity m a few cases, and ail were 

completely removed at 560-580°C. 

Low field susceptibility - A i l the samples showed an initial value of K, at room 

température, withm the range 15-25 x 10'̂  SI. They had a hnear trend throughout the 

heating experiment, with a sUght decrease (not always présent) startmg from 500° (Figs. 

8.1,8.9). 
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Fig. 8.1 - IRMs 3 components and susceptibility behaviours for sample V43.9a 

b) Second Order discrinünators 

Coercivity of remanence - Most of the samples showed the higher values of HCR (-70 

mT) and all were m the ränge 50-70 mT (Fig. 8.2, Tab.8.1). Part of this experiment was 

used to analyse the IRM acquisition along the z-axis. This showed that the majority of 

samples satuiBted in a field of about 200 mT. 
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IRM - Sample V38.4a - AD 1714 "Boscotrecase' 

200 400 600 
Applied Field (mT) 

800 1000 

HcR = 64.5 mT 

200 400 600 800 IODO 
Applied Back-^ield (mT) 

Fig. 8.2 - IRM acquisition along z and -z for sanq)le V38.4a. 

c) KASAf^ratio 

The mean vahíe obtained from this experiment was 2.43 (Tab. 8.1). Samples V34.5, 

V41. Ob and V43. 9a showed a relatively higher valúes (~3). 

8.3 Descríptíon of Type A2 samples 

a) First order discrinúnators 

3 axes IRM - The médium coercivity fractions were dominant (as in Type A l ) , but the 

soft fractions had mitial intensities not less than 60% of the máximum initial mtensity of the 
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medium component and behaved similarly to the medium fraction. The uiitial intensity of 

the hard fractions was about 10-15%. Although they decayed mainly around 540-580°C, 

they were not completely demagnetized at 620°C. The only exception was sample V29.8 

in which ali the coercivity fractions were completely removed at ~580°C. 

In ali the samples the medium coercivity decayed with an approximately convex curve 

with increasing temperature of demagnetization (Fig. 8.3). 
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£ 1.0 4 &-I 
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35 -r 
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Susceptibility (10E-3) SI 
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Fig. 8.3 - IRMs 3 conqwnents and Susceptibility behaviours for sample V40.8c 

Low field susceptibility - Al i samples behaved as m Type A l (Fig. 8.3, 8.9), but theu K 

values were within a lower range (5-15x10'^). 
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b) Second Order discrinünators 

Coercivity of remanence - As in A I Type, samples had values in the ränge 50-70 mT. 

The I R M analyses showed that all samples were not completely saturated at 800 mT, 

although from 200 mT the demagnetisation curve showed a very low gradient (Fig. 8.4, 

Tab.l). 

12 -f 

E 10 -
< < 8 -
X 6 -
S 

A 
(A H ~ 
X 
? 2 
N 

0 • 

IRM - Sample V29.2 - AD 1697 "T. Greco." 

200 400 600 
Applied Field (mT) 

800 

HcR = 46.7 mT 

200 400 600 800 

Applied Back-f ield (mT) 

Fig. 8.4 - IRM acxpiisition along z and -z for sample V29.2. 

1000 

1Q0O 

KARM/K ratio - These values, compared to those for Type A I , were relatively higher 

(-2.6). For sample V32.5it was 3.081 (Tab. 8.1). 
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8.4 Description of Type B samples 

a) First order discriminators 

3 axes ERM - In thèse samples the hard coercivity fraction was ahvays neghgible and the 

soft one was in many cases dominant (Fig. 8.5). Al l the fractions were completely removed 

at 520-560°C showing a quite hnear trend (sometime concave) on demagnetization. 

Low field susceptibiiity - Samples in this group showed initial higher values (35-40x10" 

)̂ compared with the other groups. They remained constant during the experiment until 

450°C where a steep decay occurred. In some samples, at high températures (560-580°C), 

there was a shght increase (Fig. 8.5, 8.9). 

b) Second order discriminators 

Coercivity of remanence - These had the lowest values, within the range 20-30 mT 

(Fig. 8.6, Tab. 8.1), except for the sample V24.2 which was 53.1 mT. The I R M analyses 

showed an ahnost complète saturation mostly around 100 mT, except for V24.2 and 

V33.11b, which saturated at 200 mT. Sample V24.2 also showed an anomalous behaviour 

at 60 mT as occurred m sample V30.2 (Fig. 8.8). 

KARA/K ratio - AU thé ratios were below 2 (-1.5) except for V33.11b that was 2.102 

(Tab. 8.1). 
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IRM 3 components 
Sample V44_4a - AD 1839 - "Terzlgno" 
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Fig. 8.5 - IRMs 3 conqxjnents and Susceptibiiity behaviours for sample V44.4a 
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IRM - Sample V26.5b - PD 79-1631 "TJ\nnunziata'' 

200 400 600 800 
Applied Fieid (mT) 

1000 

4.0 

HcR = 25.8 mT 

200 400 600 800 ItfflO 

Applied Back-Field (mT) 

Fig. 8.6 - IRM acquisitìon along z and -z for sanqile V26.5b. 

8.5 Descrìption of Type Ex sample (V30.2) 

a) First arder discrìnùnators 

3 axes IRM - The hard coercivity fraction was the dommant. It decayed slowly until 

500° then it showed a significant mcrease until 560°C (Fig. 8.7). From this temperature it 

dropped rapidly down until 620°C where there was some 15% of the mitial mtensity left. 

The soft fi-action had the same mitial mtensity as the hard fraction, but a hnear steep decay 
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until 400°C, followed by another linear trend but with a very low gradient. At 620°C it 

was almost completely demagnetized. 
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Fig. 8.7 - IRMs 3 conqwnents and Susceptìbility behaviours for sample V30.5 

Law field susceptìbility - This sample showed the lowest vaine, -5x10'^ SI. It was 

Constant until 400°C then it increased shghtly (Fig. 8.7). 

b) Second arder discrindnators 
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Coercivity of remanence - The value was 40 mT (Tab. 8.1). The I R M showed the same 

anomalous behaviour as sample V33.11b (Type B) but below 80 mT. At 800 mT it was 

not fully saturated (Fig. 8.8). 

KARJU/Kratio - It showed a high value, 2.9 (Tab. 8.1). 

IRM - Sample V30.2 - AD 79-1631 "Portici" 
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Applied Back4^ield (mT) 

Fig. 8.8 - IRM acquisition along z and -z axö for sample V30.2. 
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Fig. 8.9 - Different K behaviours for Type B, Ex and Types Al, A2 
Diffœnt types discriminated as described in sect. 8.2 
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a) - Type Al c) - Type B 
Santpies K (10 KARM 

(10^ 
HcR 
(mT) 

Sampies K (10-̂  KARM(10-̂  HcR 
(mT) 

V28-4 14.66 29.92 2.04 71.60 V24-2 39.15 64.37 1.64 53.10 
V31-7 25.69 67.30 2.62 63.00 V25-4 40.02 57.56 1.44 27.90 
V34-9 16.52 48.87 2.96 62.00 V26-5B 30.92 45.52 1.47 25.80 
V35-9A 13.38 26.02 1.95 69.00 V33-11B 20.16 42.38 2.10 24.20 
V36-12 16.76 36.05 2.15 70.00 V44.2B 44.82 77.89 1.74 24.20 
V37-9A 14.97 31.35 2.09 66.10 Mean 1.68 31.04 
V38.4A 33.48 65.19 1.95 64.50 
V39-8A 20.87 52.61 2.52 68.00 

d)-Type Ex 

V41-5A 12.91 41.88 3.24 60.10 

d)-Type Ex 

V42-9B 18.77 40.19 2.14 74.40 

d)-Type Ex 

V43-10B 12.44 37.86 3.04 51.20 

d)-Type Ex 

Mean 2.43 65.45 

d)-Type Ex b)-TypeA2 d)-Type Ex 
Sampies K(10-^ KARM 

(iF) 
W K 

(mT) 
Sampies K(10-^ KAI»(10") KARM/K HcR 

(mT) 
V27-9 10.73 26.55 2.47 71.40 V30.2 6.48 18.94 2.92 40.00 
V29-2 13.40 35.77 2.67 56.00 
V32-8 12.90 39.74 3.08 46.70 
V40-9A 13.50 29.62 2.19 70.00 
Mean \2.60 61.03 

Tab. 8.1 - Summaiy of ail the magnée propeities investigated. 
Values of low field suscqjtibility at loom tempetatart, anfayster̂ c 
susceptibihty, their ratio & coercrvity of remanence for sanqiles of types Al, 
A2, Band Ex. 

8.6 Discussion 

a) TypeAl 

In ail sampies the three diflEerent coercivity fractions had a Tub of about 560°C and, in 

few cases, a very small tail above that temperatile. This suggests that the magnetic carrier 

could be a very Ti-poor titanomagnetite (x<0.1). A decrease in Hc and H i c with increasing 

gram-size (from 0.1 to 150 pm) for titanomagnetite with the same composition bas been 

reported (Day, 1977). This can probably explain the behaviours of the mediiun and soft 

coercivities. The behaviour of the coercivity fraction with 50<Hc<300 mT (which is the 

dommant one) could be due to smaller grains con^)ared to that associated with the lower 

coercivity (<50 mT). In the hard fraction there is httle or no sign of haematite and 
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probably, in few cases, some small amount of a Ti-poor titanomagnetite with He sligbtly 

greater than 300mT. It is important to emphasise that the coercivity fractions higher than 

800 mT (haematìte, goethite) could stili bave an influence along the y (medium) and z 

(soft) axes, as well as in the z (hard) axis smce the Pulso magnetizer has a maximum field 

of 800 mT. Fmthermore the absence of high coercivity behaviour does not exclude 

haematìte, as only low coercivity grams of this minerai may be present. Such grmns could 

be possible explanations for the few cases where the medium fiactìon sbowed a httle tail 

above 560°C. The HRC and KARM/K results also confinn the dominance of high coercivity 

Ti-poor titanomagnetite. In fact, theu- mean values (Tab. 8.1) suggest the predominance of 

singje/pseudo-smgle domams (Day, 1977; King, 1982). 

In general, alteration during heating experiments can be considered neghgjble, as 

suggested by the consistent low field susceptibility behaviour during thermal 

demagnetisation. 

b) TypeA2 

In this group the magnetic properties were quite similar to A l except for a relatively 

higher content of tìtanium (0. l<x<0.2), as suggested by a lower Tub for ali three coercivity 

fi:actìons. The dominance of the high coercivity titanomagnetite was not as strong as in 

Type A and there was a relatively greater contribution by the soft coercivity component. 

HRC and KARM/K values were almost the same as type A l (Tab. 8.1). In general the 

magnetic carrier is stili a Ti-poor titanomagnetite m the form of SD/PSD grams. In two 

cases (V27-1 and V32-5) the low field susceptìbihty sbowed a sUght increase above 450°C, 

suggesting that some alteration occurred during the heating. In these two samples the hard 

coercivity fi-action sbowed a greater contribution. It is reasonable to think that some 

haematìte may bave been created during the heating experiment. 

c) TypeB 
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The major thmg that makes this group different from the others is the low field 

susceptibility behaviour. Some samples also showed a dominance of the soft coerdvity 

fraction over the medium one while the hard one was almost non existent. A l l the fractions 

were almost completely demagnetized at about 500-520° but in few cases there was a 

small tail until 540-560°C. In sample V33.04 ahnost 50% of the soft coercivity fraction 

was removed at 250°C. This behaviour could be due to titanomagnetites with a relatively 

higher content of Ti (x = 0.2) and in some samples at least (V26.1 lb, V44.4a) this coexist 

with Ti-poor titanomagnetites (x<0.2). The soft fraction behaviour in sample V33.04 

could also be due to the presence of a richer in Ti titanomagnetite (x = 0.5). In general the 

amount of low coercivity titanomagnetite, which could be due to larger grains, seems to be 

equal or even larger than the high coercivity titanomagnetite amount. This could explain 

the initial higher value of the low field susceptibility. 

The predominance of larger grain of titanomagnetite is also confirmed by the lower mean 

values of HRC and KARM/K obtamed (Tab. 8.1). In general they suggest behaviour 

predominantiy within the PSD range. 

d) Type Ex (Sample V30.2) 

The magnetic carrier m these samples could be titano-haematite. This is suggested by the 

dominance of the hard coercivity fraction, and by the fact that both the medium and the 

hard fiactions were not removed at 620°C. Furthermore the I R M acquisition along the z-

axes showed no mdication of saturation at 800 mT. The soft fraction behaviour could be 

due to a titanomagnetite (x=0.2) superimposed to a low coercivity titano-haematite. It 

appears that significant alteration could be occurring during heating as suggested by the 

shght increase in low field susceptibihty above 450°C. This seems to be related to the 

mercase in the hard coercivity fraction above 500°C. The formation of new titano-

haematite seems to be a possible hypothesis to explam this behaviour. The relatively high 
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values (Tab 8.1) of HRC and K A R \ ^ which suggested SD behaviour, probably bave 

reflected the influences of titano-haematite as the low field susceptibihty showed the lowest 

values. 

8.7 Condusions 

A poor-Ti titanomagnetìte (x < 0.2) seems to be the predommant magnetic carrier while 

the grain-size analyses seems to exclude the clear presence of significant M D behaviovu. 

This is particularly true for samples of groups A l and A2 although group B does not show 

a significant diflference fi-om the former groups. 

In terms of relation between magnetic propertìes and individuai lava flows (Tab. 8.2), 

there is a good consistency between them. In fect ali the samples taken from the same lava 

flow show the same characteristics. They ni general belong to the groups A1/A2 or the 

group B except for very large lava flows where there was considerable distance between 

the sampUng areas 

Lava 
flows 

Magnetid 
Property 
Groups 1 Lava 

flo»« 
Magnetic 
property 
groups 

AD7i i-1631 1 Al 7 1754 
V30* EX 1 V39 Al 
V36* Al 1 V40 A2 
V37* Al 1 V41 A1 
V27 A2 1 Ai 0176O 
V33 B 1 V32 A2 
V26* B 1 V34 Ai 
V31* Al 1 V35 A1 

AD 1697 É A 01806 
V28 Ai V24 B 
V29 fi2 B V25 B 

AD 1714 1 AD 1839 
V38 Al 1 V42* Al 

1 V43* Al 
1 V44* B 

Tab. 8.2 - Magnetic property and lava flows relationship. 
With the asterisks sites sanq>Ied distanOy within the same 
large lava flow 
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Chapter IX 

Results 

9.1 - Introduction 

In this chapter ali the site and sample results, both palaeodirections and 

palaeointensities, will be combined and discussed at a lava level. Palaeodirectional resuks, 

at site and lava flow level, will be presented m terms of mean values using the statistical 

parameters and criteria described in section 3.7. Palaeointensity values, both thermal and 

microwave, will be described using the following terminology to distinguish the 

components for different ranges of temperature or microwave power. For thermal 

studies, low is used for T< 390°C; medium, used for 390°C <T < 530°C; high for T 

>530°C. However, not ali components he within these temperature ranges; sometimes 

both low and medium, or both medium and high ranges, were involved. In the first case 

more weight is given to the lowest linrit while in the second case the upper hmit is 

considered more meaningfiil. For example, a component defined in the range 150 - 500 

°C will be referred to as low component while one defined in the range 420 - 595 will be 

referred to as high component. 

9.2 - A D 79 - A D 1631 

9.2.1 - Palaeodirectìons 

a - Sites mean values 
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Site V30 - As described in section 5.2.1., almost ali samples had a single, very well 

defined high temperature component and therefore a unique vaine of the ChRM (Tabs. 

9.1a,b). 

Sampie N steps Dee Ine MAD T°C range 
03 5 18.7 66.7 1.1 580/630 
06 15 14.7 61.9 1.0 390/630 
09 5 11.9 66.5 1.3 565/620 
11 9 14.0 66.5 0.9 535/630 
12 8 15.8 65.5 1.0 520/620 
13 7 11.3 62.4 0.9 535/630 

a) 

Site N samples Dee Ine k «95 
V30 6 14.3 64.9 1080 2.0 

b) 

Tabs. 9.1a,b - Site V30 diiectional results. 
a) Sanale best representative directions. b) Site mean value. 
MAD = diagonal angle; k= estimate of tbe trae precision parameter K; 095 = 
confidence limit on the mean direction. For a fiiUer descriptìon see section 3.7. 

Site V36 - Two different, but both very well defined directions were fiaimd at higher 

temperature (Tabs. 9.2.a,b). The major difference was m dechnation; the inchnation bemg 

almost identical. As these could not be combmed, two different values of the ChRM were 

retamed (Tab. 9.2.c). 

Sample N steps Dee Ine MAD T°C range 
OlB 7 16.2 64.5 0.5 550/620 
14 13 15.5 60.9 0.5 420/620 
16 7 14.8 65.3 0.8 550/620 

17B 8 17.8 66.1 0.4 535/620 

a) 
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Sample N steps Dec Inc MAD T°C range 
OIB 6 24.1 63.6 2.3 460/550 
03 8 23.5 66.3 0.5 520/620 
05 4 25.1 63.1 0.3 580/620 
06 5 24.0 62.3 0.7 580/620 
08 8 27.7 64.0 0.3 520/620 
11 13 28.1 67.4 0.6 390/620 
14 4 22.7 63.7 2.6 420/480 

17B 7 24.5 67.6 3.9 420/535 
b) 

Site N samples Dec Inc k 
V36(i) 4 16.0 64.2 1180 2.7 
V36(ii) 8 24.9 64.7 1287 1.5 

c) 

Tabs. 9.2a4)̂  - Site V36 directional results. 
a, b) Sample best rgjresentative directions grouped according to the site 
discussions in section 9.2.1. c) Alternative site mean values. 

Site V37 - Two diflferent directions were found, both very well defined, especially 

between 520 and 635° (Tabs. 9.3.a, b). Tbe inclination was almost the same for ail 

samples. Two difierent values of the C h R M were obtained (Tab. 9.3.c). 

Sample N steps Dec Inc MAD T °C range 
01 11 16.9 64.2 0.6 420/595 
05 6 18.5 66.5 0.5 520/595 

lOA 8 11.4 60.4 1.6 535/635 
lOB 9 9.5 55.9 1.0 520/635 
11 6 14.2 62.8 0.7 535/610 
13 7 14.7 65.6 0.7 535/635 
14 8 11 64.5 0.4 480/610 

a) 

Sample N steps Dec Inc MAD T °C range 
06 6 1.6 61.8 0.4 520/595 

07A 7 357.5 59.4 0.4 500/595 
07B 6 357.8 58.8 1.5 480/610 

b) 
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Site N samples Dee Ine k « 9 5 

V37(i) 7 14.3 64.0 1033 2.1 
V37(i*) 6 15.0 64.7 1906 1.8 
V37(u) 3 358.9 60.0 1734 3.0 

c) 
Tabs. 9.3a4),c - Site V37 directional results 
a, b) Sanq)Ie best representative directions. c) Site mean values. 
*mean vahie obtained etasing lOB 

Site V27 

A single very well defined component was revealed at high temperature and, therefore 

a imique vaine of the C h R M was obtained (Tabs. 9.4a,b). 

Samp N steps Dee Ine M A D T ^ C 
03 9 12.3 62.5 1.1 500/620 
04 8 9.3 62.8 1.1 520/620 
06 6 7.7 63.4 0.7 550/630 
07 7 9.1 61.4 0.8 535/620 
12 9 10.0 63.5 1.4 520/630 
13 6 16.7 60.1 0.8 550/620 

a) 

Site N Dee Ine k 
V27 6 10.9 62.3 1612 1.7 

Tabs. 9.4a,b - Site V27 directional results 
a) Sample best representative directions. b) Site mean values. 

Site V33 - Al i the samples behaved very hregularly (Section 5.2.5). However 

similarity m directions were foimd at low-medium temperatiu-e (Tabs. 9.5a,b), although 

these characterised by high M A D values (about 3.5). 

Sann N steps Dee Ine M A D T ° C 
01 9 356.8 53.6 3.2 20/420 
02 9 348.5 59.0 2.6 100/440 
03 8 345.0 55.6 3.9 20/390 
05 9 351.9 49.4 2.8 20/420 
10 8 352.0 55.0 3.7 250/480 
13 13 349.5 57.9 2.9 300/565 

a) 
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Site N Dee Ine K 0L9S 
V33 6 350.7 55.1 370 3.5 

b) 
Tabs. 9.5a,b - Site V3 3 directional results 
a) Sample best lepresentative (ÜFections. b) Site mean value. 

Site V26 - Two different groups of directions, with M A D values in the range 2-4°, 

were foimd which characterized respectìvely the low-medium and high temperature range 

(Tabs. 9.6.a,b). Two completely different values of the C h R M were obtamed (Tab. 9.6.c). 

Sample N Steps Dee Ine MAD T °C range 
01 4 353.5 62 2.1 390/460 
03 8 10.2 50.6 3.6 150/440 
04 11 5.5 57.3 2.4 150/500 

07A 8 9.9 55.2 3.3 150/440 
09A 6 16.7 54.6 1.5 420/565 
lOA 7 11.3 58.6 2.0 460/565 

a) 

Sample N Steps Dee Ine MAD T °C range 
01 6 19.8 29.9 3.3 460/565 
03 5 27.8 27.5 2.5 500/565 
04 5 24.2 36.8 3.4 500/565 
07 5 25.9 43 2.4 500/565 

b) 

Site N samples Dee Ine k «95 
V26(i) 6 8.3 56.6 203.6 4.7 
V26(i*) 5 10.8 55.3 452.6 3.6 
V26(ü) 4 24.4 34.3 114.4 8.6 

c) 

Tabs. 9.6a,b,c - Site V26 direcdonal results 
a, b) Sample best representative directions. c) Site mean values. 
*mean value obtained erasing 01 

Site V31 - A suigle very well defined component was revealed at high temperatiues 

and also including the medium range after erasing anomalous points (Section 5.2.7). A 

imique value of the C h R M was obtamed (Tabs. 9.7a,b). 
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Sample N S teps Dee Ine M A D T °C r a n g e 

Ol 16 15.3 65.2 1.0 300/620 
06 14 14.2 60.7 0.7 360/620 
08 15 9.8 64.1 0.6 330/620 
11 4 10.5 66.0 0.8 580/620 

a) 

Site N s a m p l e s Dee Ine k « 9 5 

V31 4 12.5 64 960.7 3.0 
b) 

Tabs. 9.7a,b. Site V31 (urectìonal results. 

a) Sanq>le best representative directìons. b) Site mean values. 

b - Lava flow mean value 

As shown in the previous section, sites V027, V030 and V031 have distinct mean 

values while the others sites have two difFerent values. However in ali sites, a very sinùlar 

and statistically well defined C h R M is present (Tab. 9.8a). To obtain the most 

representative lava flow mean value (Tab. 9.8b) sites V026 and V033 were excluded from 

the calculation because of theu poor S t a t i s t i c a l definition and different mean directions. 
Sample N samples Dee Ine k « 9 5 

V026 5 10.8 55.3 452.6 3.6 
V027 6 10.9 62.3 1612.4 1.7 
V030 6 14.3 64.9 1080.1 2.0 
V031 4 12.5 64.0 960.7 3.0 
V033 6 350.7 55.1 369.7 3.5 
V036 4 16.0 64.3 1180.4 2.7 
V037 5 15.0 64.7 1906.1 1.8 

a) 

Lava N samples Dee Ine k « 9 5 

79-1631 7 13.1 62.6 451.6 3.2 
*5 13.7 64.1 3488 1.3 

b) 
Tabs. 9.8a,b - AD 79 -1631 lava flows directional results. 
a) Sites best representative directions. b) Lava flow mean values. 
* excluding site V026 and V033 
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9.2.2- Palaeointensitìes 

a-MTT 

For each samples at least two completely different estimates of the palaeofield were 

obtamed from both M T T A - B and C-D (Tabs.9.9a, b). A general trend of decreasing 

palaeofield values, with the mcreasmg of temperature, was found m ali the samples. In 

most cases, the low part of the temperature spectrum showed too high values of the 

palaeomtensity (up to 211 pT), despite the statistical parameters bemg acceptable. Most 

values from the analysis of the high temperature' ranges wwe more acceptable in terms of 

rehability (except for sample V33.9) and statistic properties. 

In general there was no clear relation between temperature ranges and the most 

representative value for each site. The values chosen to get the lava flow mean value 

(Tab.9.9c, d) covered the entìre spectrum of temperature ranges. 

b-hdicrawave 

For each sample one estimate of the palaeofield were obtained (Tabs.9.10a,). Only 

sample V26.6b-1 showwi two different slopes and in this case a decrease in the 

palaeofield estimate with the increasmg power rango was observed. 

The low part of the power rango spectrum showed the more acceptable values 

although in terms of statistical definition they didn't show very high quahty results. The 

low power values were used to get the lava flow mean value (Tab.9. lOb, c). 

9.3 - A D 1697 

9.3.1- Palaeodirections 

a - Sites mean values 
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V 79-1631 
MTTA-B low medium high AH 
Samples F(nT) N g q N 1 g 1 q 1 «b 1 T('C) 

F(nT) N g q Ob T C O F(nT) N g q Ob 
V26.11a 5̂0-460 88.7 9 0.85 6.73 012 480-535 16.2 4 •»».i.-iK»initiiiiia 
V27.11 100-440 187.6 9 0.88 2.12 0.37 390-595 86.3 12 0.87 13.80 0.06 700-595 97.1 17 071 4.70 012 
V30.8 150-595 78.7 17 0.92 24.61 O05 
V31.2 160-500 165.9 11 0.89 14.01 ai4 480-580 24.3 5 0.63 1,48 0.07 
V33.9 150-420 45.6 6 0.72 1017 0.04 420-560 6.6 9 0.85 2.13 0.01 
V36.17 150-520 160.5 12 0.96 14.08 021 500-595 62.1 5 018 1.17 0.08 
V37.9b 150-520 186.2 12 0.89 6.61 0.36 480-695 61.9 5 0.73 3.06 013 
a) 

MTTC-D low medium high ali 
Samples T('C) N fl q TrC) F(|iT) N g q »b T C O F (|iT) N g q Ob TrC) N g q Ob 
V26.11a 250-500 32.9 10 0.81 5.28 0.05 600-565 3.8 5 0.63 1.53 0.01 
V27.11 250-4B0 165.4 7 0.78 2.98 031 500-580 60.1 6 0.75 4.07 0.08 250-580 98.3 12 0.85 12.65 011 
V30.8 250-480 104.6 9 0.87 8.67 O10 440-580 68.7 9 0.85 4.19 0.09 250-580 76.4 13 0.91 14.10 0.08 
V31.2 150-420 211.6 11 0.89 4.08 0.60 480-580 30.6 5 0.74 1.62 0.09 
V33.9 150-420 69.7 7 0.73 3.72 015 420-550 6.0 8 0.69 2.40 0.01 
V36.17 250-520 159.2 11 0.88 5.10 0.32 420-535 84.1 7 0.81 3.16 0.23 500-580 48.0 5 0.73 1.81 015 250-580 83.9 14 091 8.15 016 
V37.9b 250-520 193.6 8 0.80 5.84 0.37 480-580 68.5 6 0.75 2.20 017 
b) 

V 79-1631 
Samples TCC) N g q Ob 
V26.11a 150-460 88.7 9 0.85 6.73 012 
V27.11 390-595 85.3 12 0,87 13,80 0.06 
V30.8 150-520 78.7 17 0.92 24.61 0.05 
V31.2 
V33.9 150-420 59.7 7 0.73 3,72 015 
V36.17 250-580 83.9 14 0.91 8.15 016 
V37.9b 480-595 61.9 5 0.73 3.06 013 

mean value 
|F (HT)| std I 
tàJttittm 

d) 

Tabs 9.9a,b,c,d - AD 79-1631: M I T palaeointensity results, 
a,b) Palaeofield estimate grouped for temperature range, 
c) Best site's representative values 
d) Lava flow mean value 
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V1631 Palaeointenslty results from MIcrowave experlment 

sample sub 
sample 

Power range 
m N / g g b 

Fpalaeo 
(uTÌ 

Uneertainty 

v30 1-1 [a] 58 - 95 6 0.093 0,747 0.646 -1,054 0114 52.681 81,569 
v36 13-1 50-85 4 0.269 0,455 4.156 -1,903 O056 95.157 22,899 
v37 8a-1 33-98 e 0.832 0,548 19.429 -1,982 0,047 99.094 5.100 

v27 10-1 [b] 62 - 90* 5 0182 0,520 1.058 -1,699 0152 84.945 80,315 v27 10-1 [a] 70 - 90 4 O061 0,629 0,209 -1,285 0,238 64.255 307,869 

v27 10-2 [b] 42 - 70* 6 0,242 0,727 4,104 -1,363 0,059 68.147 16,604 v27 10-2 [a] 50 - 70 5 0157 0,646 4,465 -1,490 0,034 74.495 16,684 
v33 12-1 15-24 7 0155 0,793 3,848 -1,378 0.044 68.915 17.910 

v26 6b-1 [b] 55-148 10 0650 0,814 12,509 -0,689 O029 34.473 2756 v26 6b-1 la] 37-108 10 0,293 0,839 3,081 -1,726 0138 86.320 28.013 
v31 5-1 31-58 5 0.239 0.703 7,663 -1.535 0,034 76.734 1O013 
v31 5-2 28-62 10 0,369 0,800 9,806 -1,629 0,049 81.464 8,308 

a) (*) Including the first point D(NRM) 

sample sub 
sample Fpalaoo (pT) 

v36 13-1 95.157 
v37 8a-1 99.094 
v27 10-1 84.945 
v27 10-2 68.147 
v33 12-1 68.915 
v2e 6b-1 86.320 
v31 5-1 76.734 
v31 5-2 81.464 

b) 

mean value 
Fpalaeo 

(uT) std 
82.60 11,22 

c) 

Tab» 9.10a,b,c - A D 79-1631: Microwave palaeointensity results. 
a) A l i possible palaeofield estimate, 
b) Best site's representative values 
c) Lava flow mean value 
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Site V28 - Although two diflFerent groups of directions were cjonsidered (both very 

well defined especially at higher temperature), the inchnations values were ahnost 

identical while the dechnations ones did not show clearly diflFerent grouping of vaine 

(Tabs. 9.11.a, b). Three values of the C h R M were presented (Tab. 9.11.c) considering ali 

samples best representative values and also the two different groups identified. Note that 

the high values of 093 obtained from the latest two vectors justify their combination,to get 

the overall mean vaine. 

Sample N steps Dee Ine MAD T °C range 
02 7 15.6 56.4 0.3 535/620 
05 4 18.9 61.6 0.5 580/620 
06 4 12.0 61.9 0.8 580/620 

a) 

Sample N steps Dee Ine MAD T "C range 
08 5 356.0 60.2 0.7 500/565 
11 5 6.8 60.0 0.6 565/620 
12 4 356.6 63.6 0.2 580/620 

b) 

Site N samples Dee Ine K «95 
V28(i) 6* 7.9 60.9 234.6 4.4 
V28(ii) 3 15.5 60.0 530.4 5.4 
V28(iii) 3 359.9 61.4 515 5.4 

c) 

Tabs. 9.11a,b,c - Site V28 diiectional results. 
a, b) Sample best representative directions. c) Site mean vàlues. 
* considering ali the sample values 

Site V29 - A l i the samples (except 13) showed a sunilar very well defined component 

at high temperatine, mostly above 480°C). Two values of the C h R M were obtained; one 

erasmg sample 13 (Tabs. 9.12.a, b). 
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Sample N steps Dec Ine MAD T °C range 
03 56 12.8 58.2 0.3 540/620 
04 12 15.3 56.7 0.3 400/620 
05 7 14.5 56.2 0.4 500/620 
09 7 19.2 57.8 0.5 480/620 
13 7 8.22 53.5 0.5 500/620 
14 8 15.0 59.2 0.4 480/620 
15 4 18.3 59.2 0.8 520/580 

a) 

Site N samples Dec Ine k « 9 5 

V29(i) 7 14.6 57.2 866.1 2.1 
V29(i*) 6 15.8 57.7 2298 1.4 

b) 
Tabs. 9.12a4i - Site V29 directional results. 
a) Sample best representative diiections. b) Site mean values. 
* excluding sample 13 

b - Lava flaw mean value 

Site V029 showed a imique very well defined mean value. Site V28 showed two 

diflFerent values, both pòoiiy defined, but one of which was similar to V029 (Tab. 9.13a). 

The lava flow mean value is shown in Tab.913b. 

Sample N samples Dee Ine k « 9 5 

V028 3 15.5 60.0 530.4 5.4 
V029 6 15.8 57.7 2298 1.4 

a) 

Lava N samples Dee Ine k « 9 5 

1697 2 15.7 58.9 2471 5 
b) 

Tabs. 9.13a,b - AD 1697 lava flows directional results. 

a) Sites best refaesentative directions. b) Lava flow mean values. 

9.3.2- Palaeointensìtìes 

a-MTT 

Two completely different estimate of the palaeofield were obtained from both M T T A -

B and C-D (Tabs.9.15a,b). The low part of the temperature spectrum showed 
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unacceptable high values of the palaeointensity (up to 227 | iT), although the statistical 

parameters were stili acceptable. The values obtained at high tempra-ature' ranges were 

acceptable in terms of rehabihty and statistically and therefore they were used to calculate 

the lava flow mean vaine (Tab.9.15c). 

b-Micrcwave 

The three samples showed quite similar value of palaeofield (Tab.9.17a) but for sample 

V29.7-1 it was defined in the high rango of microwave power. A unique mean value for 

the lava flow was obtained (Tab.9.17b,c). 

9.4 - A D 1714 (1906) ^ 

9.4.1- Palaeodirections 

Site V38 - For each sample a smgle component was considered at high temperature 

because of its better d.a (Tab. 9.14a), although a similar direction was revealed also 

considerìng the entire spectra of temperature. A unique value of the C h R M was obtained 

(Tab.9.14b). 

Sample N steps Dee Ine M A D T °C range 
01 9 356.6 50.6 0.8 480/630 
03 11 358.7 50.6 0.9 480/630 
OS 11 359.7 52.1 0.9 480/630 

07A 5 356.1 53 0.8 520/610 
08 6 357.5 51.3 1.4 565/630 

09A 11 352.5 52.1 0.5 565/620 
H A 7 355.6 50.2 0.9 480/630 
12B 4 354.7 54.8 0.6 520/630 

a) 

Site N samples Dee Ine k 
V38 8 356.4 51.9 1528.7 1.4 

b) 
Tabs. 9.14a,b - Site V38 directìonal results. 
a) Sample best representative directìons. b) Site mean values. 
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V1697 
MTT A-B low medium high AH 
Samples TCC) N g q TCC) N g q Ob T(°C) N g q Wb Tre) N g q «b 
V28.3 150-520 225.8 13 0.86 3.15 0.59 500-595 65.7 7 0.77 6.49 0.09 
V29.6 150-500 165.0 11 0.89 12.92 015 460-595 69.9 9 0.84 5.35 011 
a) 

MTTC-D low medium high ali 
Samples i r ò N g q Ob 1 TCC) |F(^T)| N g q Wb T C O F|(iT) N g q Ob TCC) FlüT) N g q Ob 
V28.3 8 0.79 6.41 016 500-580 69.2 6 0.55 1073 O04 
V29.e 250-480 227.7 7 0.62 8.41 0.21 1 1 1 480-580 62.7 7 0.77 5.08 0.08 
b) 

VI 697 mean value 

o) 

g q Ob 
^ a 3 1500-580 69.2 5 0.55 1073 0.04 
V29.e 1460-595 69.9 9 0.84 5.35 a i i 

69.5 049 
d) 

a,b) Palaeofield estimate grouped for temperature range. 
c) Best site's representative values 
d) Lava flow mean value 

V1714(1906) 
MTT A-B low medium AH 
Samples 1 T CC) N g q (Tb 1 T CO) N g q «b 1 TCC) N g q Ob 1 T CC) N g q Ob 
V38.b 1100-535 84.9 14 0.86 1O80 0.08 1 1535-595 24.1 5 0.65 1.02 O05 1 
a) 

MTT C-D low medium high ali 
Samples 1 T CO) F|»vT} N g q «b 1 TCO FIfiT) N g q a, |TCC) |F((iT)| N g q 1 TCC) Fi^T) N g q Ob 
V38.b 1160-535 85.1 13 1.88 8.35 013 1 
b) 

Tab» 9.16a,b - AD 1714 (1906): MTT palaeointensity results. 
a,b) Palaeofield estimate grouped for temperature range. 



V1697 Palaeointensity results from Microwave experlment 

sample sub sample Power rango 
m N f 0 9 b Fpalaeo(fiT) Uncertalnty 

v28 1-2 50 - 70* 4 0.338 0.615 19.262 -1.697 0.018 84.828 4.404 v28 1-2 60-70 3 0.230 0.390 4.644 -1.710 O033 86.606 18.412 
v29 7-1 100-175 9 0.499 0.732 14.154 -1.918 0.050 96.891 6.775 
v29 7-2 [b]50 - 90* 4 0.649 0530 6.121 -2.020 0114 100.996 16.501 v29 7-2 [a] 60 - 90 3 0.519 0328 9.475 -1.913 O034 96.637 10.094 

(*) Including the first point D(NRM) 

mean value 

sample sub sample Fpalaeo(MT) 
V2e 1.1 86.606 
V29 7.1 96.891 
V29 7.2 96.637 

Fpalaeo 
(uTì std 
92.34 5.92 

c) 

Tab» 9.17a,b,c - A D 1697: Microwave palaeointensity results. 
a) A l i possible palaeofield estimate. 
b) Best site's representative values 
c) Lava flow mean value 

b) 

V 1714(1906) Palaeointensity results from Microwave experlment 

sample sub sample Power ranga 
m N f 0 q b Fpalaeo (ftT) Uncertalnty 

v38 6a-1 45-60 5 0170 0716 1.209 -1.567 0158 78.341 84.789 

a) 

Tab. 9.18 - A D 1714 (1906): Microwave paleointensity results. 



9.4.2 - Palaeointensitìes 

a-MTT 

Both M T T A - B and C-D experiments (Tabs.9.16a,b) showed almost the same vahie of 

the palaeofield and both, the low and high part of the temperature spectrum, showed 

acceptable estimates of the palaeointensity. However the vaine obtained at low 

temperature' ranges was more statistically acceptable and was therefore used as lava flow 

mean vaine as no other values were available to calculate an average. 

b-Micrawave 

Sample V38.6a-1 (the only one available for this lava flow) showed a unique estimate 

of the palaeofield at low power rango, and statistically it was poorly defined (Tab.9.18a) 

9.5 - A D 1754 

9.5.1- Palaeodirectìons 

a-Sites mean values 

Site V39 - Two difFerent groups of directìons, with M A D in the rango 1-3, were foimd 

which characterized respectively the medium and high temperature range (Tabs. 9.19.a,b). 

Two difFerent values of the C h R M were obtained (Tab. 9.19.c). 

Sample N steps Dee Ine M A D T °C range 
04 4 333.4 67.1 1.2 500/550 
05 7 337.7 66.1 1.0 440/565 

06A 4 336.1 j 65.5 3.1 500/550 
06B 4 337.7 63.0 1.6 520/565 
09 5 335.5 65.5 2.4 500/565 
14 5 330.8 65.8 1.3 480/565 

a) 
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Sample N steps Dee Ine MAD T °C range 
04 4 345.8 67.7 2.9 565/610 
05 4 345.8 65.7 0.8 565/610 

06A 4 350.4 61.6 2.7 565/610 
06B 5 340.7 63.5 0.8 565/620 
14 6 340.9 65.6 1.9 565/610 

b) 

Site N samples Dee Ine k 
V39(i) 6 335.3 65.5 2126.1 1.5 
V39(ii) 6 344.8 64.9 765.5 2.8 

c) 

Tabs. 9.19a4>,c - Site V39 diiectional results 
a,b) Sanqrfe best representative directions. c) Site mean values. 

Site V40 - Two slightly different groups of directions, with M A D in the range 0.5-3, 

were foimd mostly at high temperatine range (Tabs. 9.20.a,b). Two values of the C h R M 

were presented; one erasing sample 13A (Tab. 9.20.c). 

Sample N steps Dee Ine MAD T °C range 
01 6 342.4 65.4 2.0 565/630 
05 9 342.9 64.7 1.8 500/620 

06A 9 342.4 63.0 0.7 535/620 
07 8 342.5 68.2 0.7 520/620 

H A 8 344.2 65.1 0.5 520/620 
13A 4 351.3 61.9 2.0 580/630 

a) 

Sample N steps Dee Ine MAD T °C range 
01 7 335.9 62.5 2.0 420/550 
08 7 337.8 67.8 1.1 535/620 

lOA 5 336.7 66.4 1.8 580/630 
b) 

Site N samples Dee Ine k « 9 5 

V40(i*) 5 342.9 65.3 1809.1 1.8 
V40(ii) 3 336.7 65.6 853 4.2 

c) 
Tabs. 9.20^b,c - Site V40 directional results 
a,b) Sample best representative directions. c) Site mean values. 
'̂ mean value òbtained erasing 13 A 
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Site V41 - Al i the samples showed a similar very well defined component at high 

temperature (mostly above 480°C). A unique value of the ChRM was obtained (Tabs. 

9.21.a,b). 

Sample N steps Dee Ine MAD T °C range 
02A 5 343.4 61.5 1.1 565/620 
02B 9 345.6 60.8 0.6 500/620 
06 12 347.5 62.5 0.4 440/620 
07 11 348.4 61.1 0.5 460/620 
08 9 341.5 66.6 0.5 500/620 
09 11 343.7 61.4 0.7 460/620 

H A 9 349.2 65.7 0.4 480/620 
12B 7 351.3 63.7 0.5 52O/620 

a) 

Site N samples Dee Ine li « 9 5 

V41 8 346.2 63.0 923.3 1.85 

b) 
Tabs. 9.21a,b - Site V41 directìonal results 
a) Sample best lepresentative diiections. b) Site mean values. 

b - Lava flow mean value 

Site V041 showed a luiique well defined mean value, which was also fijund in sites 

V40 and V39 (Tab. 9.22a). These two shes also showed another direction that was 

different m dechnation and also statistically acceptable. Therefore two lava flow mean 

value were considered (Tab. 9.22b). 

Sample N samples Dee Ine k « 9 5 

V039(i) 5 344.8 64.9 765.5 2.8 
V040(i) 5 342.9 65.3 1809.1 1.8 
V041(i) 8 346.2 63 923.3 1.8 
V039(ii) 6 335.3 65.5 2126.1 1.5 
V040(ii) 3 336.7 65.6 853 4.2 

a) 
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, Lava N samples Dee Ine k « 9 5 

17540) 3 344.7 64.4 3245.1 2.2 
1754(ii) 2 336 65.6 38130 1.3 

b) 
Tabs. 9.22a,b - AD 1754 lava flow directional results. 

a,b. a) Sites best representative directìons. b) Lava flow mean values. 

9.5.2- Palaeointensides 

a-MTT 
Two diflferent estimate of the palaeofield were obtained from both M T T A-B and C-D 

(Tabs.9.23a,b). The low part of the temperature spectrum showed high values of the 

palaeointensity (which were acceptable only from M I T A-B) , with statistical parameters 

stili acceptable. The values obtained at high temperature' ranges were also acceptable m 

terms of rehabihty and statistically. Two mean values were considered (Tab.9.23c). 

b-Microwave 

A shnilar estraiate of the palaeofield was obtained (Tab.9.25a) and it was defined, m 

each sample, in the low part of the microwave power range. A unique mean vaine was, 

therefore considered (Tab.9.25b,c) 

9.6 - A D 1760 

9.6.1 - Palaeodirections 

a - Sites mecm values 

Sites V32, V34 &V35 - In ali the samples a single veiy well defined component was 

revealed especially at high temperature (Tabs. 9.27a; 9.28a; 9.29a). For each of this the 

three sites two values of the C h R M were considered: the second value usually obtained 

excluding few samples with shghtly diflferent declination or inclination (Tabs. 9.27b; 

9.28b; 9.29b). 
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V1764 
MTT A-B medium high _ Ali 
Samples Tre) rj^ N 0 q Tre) N 9 q Tre) N g q Ob Tre) N g q »b 
V39.7a 250-535 105.3 11 0.84 6.35 012 535-595 17.7 5 064 1.23 0.12 
V40.12a 150-535 101.8 13 0.87 8.55 O10 535-595 22.6 5 0.74 1.10 0.05 
V41.7b 150-535 96.8 13 0.82 7.73 ai2 535-595 24.0 5 0.65 069 0.07 
a) 

MTT C-D low medium high ali 
Samples Tre) rm N g q Ob Tre) N g q Ob Tre) N 9 q Wb Tre) N g q Ob 
V39.7a f50-635 146.1 12 0.88 6.36 0.25 520-580 22.9 5 0.72 2.77 0.05 
V4ai2a 150-520 144.4 12 0.88 4.37 0.30 500-580 31.9 6 0.79 3.83 O06 
V41.7b 150-250 106.2 12 0.84 7.65 013 500-580 44.8 6 0.74 5.64 O06 
b) 

VI 764 
Samples Tre) N g q «b 
V39.7a 250-535 105.3 11 0.84 6.35 012 mean value 
V40.12a f50-535 101.8 13 0.87 8.55 aio 
V41.7b 150-535 96.8 13 0.82 7.73 012 
c) d) 
Samples Tre) N g q Ob 
V39.7a 520-580 22.9 5 072 2.77 O05 1 33.2111.01 
V4012a 500-580 31.9 6 079 3.83 0.06 
V41.7b 500-580 44.8 6 0.74 5.64 0.06 

Tabs 9.23a,b,c,d - AD 1754: NTTf palaeointensity results. 
a,b) Palaeofield estimate grouped for temperatine range. 
c) Best site's representative values 
d) Lava flow mean value 



VI 760 
low medium high Ali 

ISamples 1 T ('C) •"•N g q 1 T CO TO N g q Ob TCC) N g q Ob TCC) N g q Ob 

gicMIMI I .m-»; . | | [ i l .K IKFl l . | ; != l lMr i : |E [ ia 
V35.7a 160-620 96.2 12 0.87 4.81 014 1 500-596 32.8 4 0.58 4.74 O04 
|V34.12a 150-420 S0.3 7 0.78 2.89 Ol i 1 420-680 24.0 5 0.65 069 093 
a) 

MTT C-D low medium hl̂ h ali 
Samples TCC) Flî TI N g q "b TCC) N g q Ob TCC) Flt^l) N g q Ob TCC) F iti'n N g q «b 
V32.10 250-536 91.5 12 0.89 8.15 014 480-580 42.0 7 0.48 1.83 O10 
V35.7a 300-520 92.4 10 0.85 3.76 018 620-580 24.8 4 0.67 1.15 Oli 
V34.12a 250-440 54.3 7 0.79 4.02 009 420-535 22.8 7 077 5.73 0.03 
b) 

VI 760 
[Samples | TCC) |F(|iT) N g q «b 
P g ^ ™ KE»g^irTnnBMiB>l:!:lIF»ìaM»lti;l mean value 
V35.7a f50-520 96.2 12 0.87 4.81 0.14 
V34.12a 1 1 98.11 2.791 
c) d) 
Samples TCC) FlnTJ N g q Ob |F (̂tiT)| std| 
V32.10 480-580 42.0 7 048 1.83 O10 
V35.7a 600-595 32.5 4 0.58 4.74 0.04 
V34.12a 420-535 22.8 7 077 5.73 0.03 

Tabs 9.24a,b,c,d - AD 1760: MTT palaeointensity results. 
a,b) Palaeofield estimate grouped for temperature range. 
c) Best site's representative values 
d) Lava flow mean value 



V1764 Palaeointenslty results from Microwave experiment 

sample sub sample Power range 
m H f 9 9 b 

Fpaleeo 
(uTi 

Uncertainty 

v39 10b-1 42-78 g 0170 0795 5.079 -1.399 0.037 69.935 13.770 
v39 10b-2 33-60 7 0209 0.806 3.526 -1.565 o.ore 78.244 22.193 
v40 7b-1 48 - 75* 6 0.227 0723 2.554 -1.390 0.089 69.600 27.216 v40 7b-1 50-75 5 0131 O702 0733 -1.450 0182 72.486 98.856 
v41 4a-1 46 - 72* 5 0192 0742 5.347 -1.460 0.039 72.996 13.652 v41 4a-1 50-72 4 0135 M#J 2.514 -1.510 O0S3 76.619 30.038 
v41 4a-2 50 - 68* 6 0452 0735 8.899 -1.225 0.046 61.269 6.885 v41 4a-2 55-68 5 0.368 0.662 4.530 -1.223 0.065 61.174 13.504 

a) (') Including the nrst point D(NRM) 

mean value 

c) 
Fpalaeo (ftT) std 

70.39 6.18 

Tabs 9.25a,b,c - AD 1754: Microwave palaeointensity results. 
a) Ail possible palaeofield estimate. 
b) Best site's representative values 
c) Lava flow mean value 

sample sub sample Fpalaeo (ßiT) 

V39 10b-1 69.935 
V39 10b-2 78.244 
V40 7b-1 69.600 
V41 4a-1 72.996 
V41 4a-2 61.269 

b) 

V1760 Palaeointenslty results from Microwave experiment 

a) (•) Including the flret point D(NRM) 

sample sub sample Power range 
m N f 9 q b 

Fpalaeo 
fuT) 

Uncertainty 

v32 13-1 33 - 60* 5 0181 0.722 3.234 -1.011 0.041 60.648 15.632 v32 13-1 40-60 4 0114 0645 0,937 -1.008 0.079 50.378 53.751 

v35 9-1 

50-125* 7 0108 0788 1.321 .0.891 O064 49.626 37.500 

v35 9-1 
[a] 58-125 6 0.086 0731 0.891 -0.916 0.065 46.821 51.412 

v35 9-1 [b]125-175 8 0.397 O730 17.090 -1.681 0.029 84.034 4.917 v35 9-1 
50-175* 14 0.506 0.824 12.772 -1.507 , 0.049 76.362 5.900 

v35 9-1 

[c] 58-175 13 0484 0.810 11.765 -1.534 0.051 76.709 6.520 
v34 8-1 37-72 6 0259 0.564 8.519 -1.270 0.022 63.490 7.452 
V34 8-2 42-56 7 0213 0.777 4.620 -1.288 0.046 64.380 13.934 

sample sub sample Fpalaeo (//T) 

V32 13-1 60.648 
V35 9-1 78.709 
V34 8-1 63490 
V34 8-2 64.380 

b) 

c) 

mean value 

Fpalaeo (ftJ) 

83.78 

Tabs 9.26B,b,c -AD 1760: Microwave palaeointensity results. 
a) All possible palaeofield estimate. 
b) Best site's representative values 
c) Lava flow mean value 



Sample N Steps Dec Ine MAD T °C range 
Ol 7 344.1 65.5 0.5 550/630 
03 6 343.6 62.9 1.4 565/630 
06 6 342.5 64.4 1.2 550/620 
07 12 343.7 60.6 0.6 460/630 
11 7 345.0 61.1 0.7 550/630 
12 7 342.1 67.9 0.8 535/630 

a) 

Site N samples Dec Ine k « 9 5 

V32(i) 6 343.6 63.7 832.6 2.3 
V32(i*) 5 343.8 62.9 1442.1 2.0 

Tabs. 9.27a,b - Site V32 directional results.^) 
a) Sanq>le best representative directions, b) Site mean values. 
•mean value obtained erasing sample 12 

Sample N steps Dec Ine MAD T °C ranee 
01 6 347.2 63.6 0.7 520/595 
02 6 344.7 60.2 0.3 520/595 
03 6 346.2 64.5 0.6 520/595 
04 7 346.7 64.0 0.4 500/595 
06 6 344.0 59.1 0.9 480/565 
11 7 344.4 66.1 0.4 390/535 

a) 

Site N samples Dec Ine k « 9 5 

V34(i) 6 345.5 62.9 862.1 2.3 
V34(i*) 5 345.8 63.7 1317.5 2.1 

Tabs. 9.28a,b - Site V34 directional results. 
a) Sample best representative directions, b) Site mean values. 
•mean value obtained erasing sanq>le 06 

Sample N steps Dec Ine MAD T "C range 
03 7 345.3 59.7 0.9 535/620 
04 7 351.9 65.2 1.0 550/630 
05 8 349.9 63.9 0.6 500/620 

06B 7 341.5 59.9 0.7 550/630 
07B 8 347.5 61.8 0.6 520/620 
08 9 343.1 59.2 0.4 500/620 

lOA 8 337.6 58.7 0.5 520/620 
lOB 4 342.0 59.5 0.8 595/630 
H A 10 347.7 62.4 0.8 480/630 
12 4 346.2 65.9 0.7 595/630 
13 7 3476 67.9 0.7 535/620 

a) 
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Site N samples Dee Ine k « 9 5 

V35(i) 11 345.2 62.2 482.9 2.1 
V35(i*) 8* 345.3 61.6 831.1 1.9 

b) 
Tabs. 9.29a,b - Site V35 directional results. 
a) Sample best lepresentative directions. b) Site mean values. 
•mean value obtained excluding samples 04,10A,13 

b - Lava flaw mean value 

Ali the sites showed very similar mean dnections and also statistically well defined 

(Tab. 9.30a.). One lava flow mean value was therefore obtained (Tab.9.30b). 

Sample N samples Dee Ine k « 9 5 

V032 5 343.8 62.9 1442.1 2.0 
V034 5 345,9 63.7 1317.5 2.1 
V035 .8 345.3 61.6 831.1 1.9 

a ) 

Lava N samples Dee Ine k « 9 5 

1760 3 345.0 62.7 4871.4 1.8 
b) 

Tabs. 9.30a,b - AD 1760 lava flow directional results. 
a) Sites best representative directions. b) Lava flow mean values. 

9.6.2 - Palaeointensities 

a-MTT 

In both M T T A - B and C-D (Tabs.9.24a,b) the low part of the temperature spectrum 

showed high values of the palaeointensity with statistical parameters stili acceptable. The 

low values obtained at high temperatiu-e' ranges were also acceptable in terms of reUabihty 

and statistically. Two mean values were considered (Tab.9.24c). 

b-Microwave 

Al i samples showed quite similar estimate of the palaeofield (Tab.9.26a). Sample 

V35.9-1 showed difFerent slopes and m this case an increase in the palaeofield estimate 

with the increasing power range was observed. A unique mean value for this lava flow 

was obtamed (Tab.9.26b,c). 
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9.7- AD 1806 

9,7.1 - PalaeotUrectìons 

a - Sites mean values 

Sìtes V24 - Al i the samples showed a very sùnìlar component but defined withm 

diflferent range of temperature (lab. 9.3la). A imique value of ChRM was, therefore 

obtamed(Tab. 9.31b) 

Sample N steps Dee Ine MAD T °C range 
04 4 348.6 57.7 0.6 480/535 
06 5 346.5 56.9 0.7 500/565 
07 5 347.6 59.0 0.7 480/565 
09 8 346.0 58.6 0.7 200/440 
10 8 351.8 58.1 1.7 150/440 
12 6 348.3 56.0 1.9 390/535 

a) 

Site N samples Dee Ine k 
V24 6 348.1 57.7 2697.6 1.3 

Tabs. 9.31a,b - Site V24 diiectìonal lesults. 
a) Sanq>le best iqiresentative diiections. b) Site mean values. 

Sites V25 - AB the samples showed a very sunilar component whh a medimn M A D (~ 

3). A luiique value of C h R M was obtained (Tab. 9.32a,b) 

Sample N steps Dee Ine MAD T °C range 
03 7 348.2 60.6 3.6 360/500 
05 13 344.2 55.3 3.6 20/500 
07 6 350.6 63.3 3.7 250/460 
08 7 347.1 59.2 2.6 250/440 
09 13 348.0 59.3 2.5 20/500 
11 6 344.2 50.4 2.0 420/565 

a) 

Site N samples Dee Ine k « 9 5 

V25 6 346.8 58.0 294.2 3.9 
b) 

Tabs. 9.32a4) - Site V25 directìonal results. 
a) Sample best representative directions. b) Site mean values. 
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b - Lavaflaw mean value 

Both sites showed very similar mean directions but only site V24 was very well defined 

(Tab. 9.33a.). The average of thèse two values gjves obviously a very high value of k 

(Tab.9.33b). 

Sample N samples Dec Ine k « 9 5 

V024 6 348.1 57.7 2697.6 1.3 
V025 6 346.8 58 294.2 3.9 

a) 

Lava N samples Dee Ine k « 9 5 

1806 2 347.5 57.9 23173 1.6 

Tabs. 9.33a,b - AD 1806 lava flow directional resnlts. 
a) Sites best représentative directions, b) Lava flow mean values. 

9.7.2- Palaeointensities 

a-MTT 

Sample V24.5 showed unacceptable high vaine of the palaeointensity at low 

temperature in both MTT A - B and C-D. The values obtamed at high temperature' ranges 

which were acceptable in terms of rehability and statistic properties, were quite similar to 

those obtained at low temperatine m sample V25.1 (Tabs.9.34a,b). Those values were 

used to calculate the mean values (Tab.9.34c). 

b-Microwave 

The only value considered was that one obtained at low power range for sample 

V25.2-1 as the best statistically defined (Tab.9.40a). Sample V24.3-2 showed a very 

similar palaeointenàty estimate but it was statistically very poorly defined. 
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V1806 
MTT (A-B) low** medium high AH 
Samples TCO m N 9 q "b TCO N g q Ob TCO N g q Wb TCO N g q »b 
V24.5 150-460 131.9 9 0.85 2.22 038 440-535 29.6 6 065 3.90 O04 
V25.1 250-440 89.8 7 0.79 2.16 055 420-535 7.4 6 0.67 2.15 0.02 
a) 

MTT (C-D) low medium hl̂ h an 
Samples TCO N g q Ob TCO F(fiTJ N g q <Jb TCO) FliiT) N g q «b TCO FItiTJ N g q Ob 
V24.5 300-620 169.7 8 0.84 2.94 0.39 420-520 30.4 5 0.67 4.95 0.05 
V25.1 250-420 41.4 6 069 3.11 0.08 420-565 6.6 9 O30 1.14 O01 
b) 

V1806 
Samples TCC) rm N g q Ob 
V24.5 420-520 30.4 5 0.67 4.95 0.05 
V25.1 250-420 41.4 6 0.69 3.11 0.08 

mean value 

Fnrnntdl 
à) 

c) 

Tab» 9.34a,b,c,d - AD 1806: MTT palaeointensity results. 
a,b) Palaeofield estimate grouped for temperaliue range. 
c) Best site's representative values 
d) Lava flow mean value 



9.8 - AD 1839 

9.8.1 ' Palaeodirectìons 

a - Sites mean valúes 

Sites V42, V43 - In ali the samples a single very well defined component was revealed 

especially at high temperature (Tabs. 9.35a; 9.36a). For each sites a imique vaine of the 

C h R M was considered (Tabs. 9.35b; 9.36b). 

Sites V44 - Al i the samples showed similar component but defined withm different 

range of temperature and with M A D between 0.5 and 4 (Tab. 9.37a). Two valúes of 

C h R M were obtained; one excluding sample 08 (Tab. 9.37b) 

Sample Nsteps Dee Ine MAD T ^ C ranee 
OlA 8 354.5 56.7 1.0 520/620 
02A 6 349.2 55.9 0.8 550/620 
04A 11 353.9 57.0 0.6 440/620 
06A 10 350.5 57.4 1.0 460/610 
08A 5 346.7 55.5 0.8 520/595 
lOA 8 349.7 57.3 0.7 460/595 
12A 6 348.3 57.4 0.6 . 520/610 
13A 4 347.0 55.8 1.0 550/610 

a) 

Site N samples Dee Ine 1( 
V42 8 349.9 56.7 2065 1.2 

b) 
Tabs. 9.35a,b - Site V42 directional results. 
a) Sample best rqnesentative diiectìons. b) Site mean valúes. 

Sample N steps Dee Ine MAD T °C ranee 
OlB 6 346.6 56.2 0.9 550/620 
03A 7 347.2 57.6 0.8 520/620 
04A 5 348.2 55.9 1.0 550/610 
06A 6 348.5 56.0 1.3 550/620 
07A 6 347.6 56.6 1.1 550/620 
08A 9 345.4 55.8 0.8 500/620 
09B 7 348.2 55.8 0.5 500/620 
12A 7 345.5 58.5 0.8 520/620 

a) 
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Site N samples Dee Ine k « 9 5 

V43 8 347.2 56.6 4594.7 0.8 
b) 

Tabs. 9.36a,b - Site V43 directional tesults. 
a) Sample best representative directìons. b) Site mean values. 

Sample N steps Dee Ine MAD T °C range 
OlA 4 348.6 61.8 3.1 250/480 
03A 5 346.3 57.9 2.6 250/440 
04B 5 347.5 60.3 2.1 480/550 
07A 13 350.2 58.3 2.7 100/520 
08A 6 340.7 60.9 2.6 360/520 
09A 6 344.2 59.6 1.1 390/520 
H A 4 348.6 56.2 2.1 480/565 
12A 6 345.1 58.7 1.9 440/565 

a) 

Site N samples Dee Ine k 
V44(i) 8 346.7 59.2 1170.1 1.6 
V44(i*) 7 347.2 59.0 1472.4 1.6 

b) 
Tabs. 9.37a,b - Site V44 directional results. 
a) Sanq>le best representative directìons. b) Site mean values. 
•mean vaine obtained exduding samole OSA 

b - Lava flow mean value 

A l i the sites showed skoilar mean directìons and statistìcally very well defined (Tab. 

9.38a.) The lava flow mean obtamed is shown m Tab.9.38b) 

Sample N samples Dee Ine k « 9 5 

V042 7 347.2 59.0 1472.4 1.6 
V043 8 347.2 56.6 4594.7 0.8 
V044 8 349.9 56.7 2065 1.2 

a) 

Lava N samples Dee Ine k « 9 5 

1839 3 348.1 57.4 2570.8 2.4 
b) 

Tabs. 9.38a,b - AD 1839 lava flow directional results. 
a) Sites best representative directìons. b) Lava flow mean values. 
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9.8.2- Palaeointensities 

a-MTT 

Sample V42.5 showed imacceptable high value of the palaeointensity at low 

temperature m both M T T A-B and C-D, while the values showed at medium and high 

temperature were acceptable m terms of rehabUity and statistically. Similar acceptable 

values were also obtained at high temperature m sample V43.13b and at low temperature 

in sample V44.6a (Tabs.9.39a,b). Best representative values for each sample were used to 

calculate the mean values (Tab.9.39c). 

b-Microwave 

Sample V443b-2 showed a very unacceptable high value at low power range. Al i the 

other at the same range, were quite sunilar (Tab.9.41a) and widely acceptable. One mean 

value for this lava flow was obtained value (Tab.9.41b,c) 

9.9 - Comparison of Mean Magnetic Values with Rock Magnetic Properties 

It is important to underline that the magnetic properties were obtained by analysmg 

only a few samples (2 or 3) out of, geuCTally, 15 from the same site, ali of which were 

dose to each other. However, ali the samples used for magnetic minerai and grain size 

investigations were taken next to those used for thermal and microwave experiments. 

Therefore, the magnetic properties can be considered to be typical for each smgle site. 

The magnetic properties (Chapter 8) were identified as belongmg to two main groups, A 

(which was divided m two shghtly different sub-groups. A l and A2) and B . Samples of 

A1/A2 groups, as ateady described m section 8.6, are characterized by the dommance of 

high coerdvity Ti-poor titanomagnetite, while those of group B , are characterized by the 

dominance of titanomagnetites with relatively higher content of titanium and lower 

coerdvity. The 
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VI 830 
MTTA-B low medium high AH 
Samples TCC) N g 9 irc) N g q Ob T('C) N g q «b TCC) N g q Ob 
V42.6b 300-440 248.7 6 0.76 0.36 0.85 440-535 68.0 6 068 7.03 0.06 420-595 42.2 7 036 16.45 0.01 
V43.13b 390-520 61.9 7 0.58 5.74 O05 390-595 37.0 9 043 16.93 O01 
V44.6a 250-460 37.4 5 0.48 2.48 0.08 460-535 6.9 4 0.60 0.82 0.02 
a) 

MTTC-D low medium high aH 
Samples TCC) N g q «b TCC) rm N g q »b TCC) N g q Ob i r ò N g q "b 
V42.6b 150-520 131.9 12 0.76 15.37 022 460-580 39.4 6 0.47 36.19 0.02 520-580 23.1 5 0.61 7.11 0.04 
V43.13b 150-500 100.6 11 0.82 2.97 018 480-580 32.1 7 0.68 9.27 0.03 
V44.6a 150-440 44.2 8 0.70 3.67 Oli 480-580 4.3 8 0.68 2.88 001 
b) 

V1839 mean value 
Samples TCC) N g q Ob std 
V42.6b 460-580 39.4 6 047 36.19 O02 37.9 1.3 
V43.13b 390-595 37.0 9 043 16.93 0.01 d) 
V44.6a 250-460 37.4 5 0.48 2.48 0.08 
c) 

Tabs 9.39a,b,c,d - A D 1839: M I T palaeointensity results. 
a,b) Palaeofield estimate grouped for temperature range. 
c) Best site's representative values 
d) Lava flow mean value 



V1800 Palaeolntenslty results from Microwave experiment 

sample sub sample Power range 
m H f 0 b Fpalaeo 

fuT) Uncertainty 

v25 2-1 26-75 14 0.308 0.878 8.105 -1.198 0.040 69.904 7.391 v25 2-2 - - - - - - - - -
v24 3-2 20-27 4 ai45 0.656 0.376 -1.147 0.289 67.337 152.294 

a) 

Tab. 9.40 - AD 1806: Microwave paleointensity results. 

V1839 Palaeointenslty results from Microwave experiment 

sample sub sample Power range 
m Af Í 0 q b Ob 

Fpa/ooo 
(uT) Uncertainty 

v42 13b-1 50-65 4 ai87 0.642 1.124 -1.099 aii8 64.931 48.869 
v43 9c-2 42 - 80* 9 0166 0.827 4.135 -1.061 0.035 53.031 12.826 v43 9c-2 • 45-80 8 0117 0.829 2.124 -1.066 0.049 53.321 25.109 
v44 3b-1 29-60 6 0214 0.778 1.369 -4.409 0537 220.455 161.011 v44 3b-2 - - - - - - - - -

Tabs. 9.41a,b,c - AD 1839: Microwave paleointensity results. 
a) Al l possible palaeofield estimate. 
b) Best site's representative values 
c) Lava flow mean value 

sample sub sample Fpalaeo (pT) 
V42 13b-1 64.931 
V43 9c-2 63.031 

mean value 
Fpalaeo 

(uT) std 
63.98 1.34 

c) 

b) 



palaeointensity experiment ahvays showed an inverse relationship between the 

temperature ranges and the palaeomtensities estimated, with shghtiy concave curves or 

two clearly different slopes for temperature v. intensity. In contrast, the microwave 

experiments showed mostly convex curves for power v. intensity, when more then one 

slope was defined. (The two methods are compared later in section 10.3.) 

9.9.1-Thermal experiments 

a-AD 79-1631 

Palaeodirection - As described m section 7.7, ali the sites from this very largo lava 

flow showed magnetic propraties that belong to three different groups (Tab. 8.2). Al i the 

sites (V27, V31, V36, V37) belonging to the A l and A2 groups showed well defined 

mean directions (095 <3°) for theh high temperature components. The least well-defined 

resuhs (095 >3°) and most inconsistency were showed by the mean directions of V26 and 

V33, mostly calculated fi-om their low/medium temperature component. Both of these 

sites had magnetic propertìes belonging to group B . Surprisingly site V30, referred to as 

Ex in Chapter 7 because of its exceptional behaviour, showed acceptable (095=2°) 

medium/high temperature directional results (Tabs 9.1a,b). These were also very 

consistent with ali the other site results, despite being characterized by a titano-haematite 

magnetic carrier. . 

Palaeointensity - Samples from sites V27, V31, V36 and V37 (groups A1/A2), 

showed unreahstically high values (>100 mT) at low temperature and acceptable values at 

high temperatures. Samples from sites V26 and V33 (group B) values at both low and 

high temperatures were clearly lower than those compared with the other samples; the 

low temperature range showed the more acceptable values. Sample V30 (Ex) showed a 

unique acceptable value of the palaeofield, during M T T A - B , while it behaved in the same 

way as the samples belongmg groups A1/A2 during M T T C-D. 
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b-AD 1697,1714(1906), 1754 & 1760 

Al i the site magnetic properties belong to groups A1/A2 and samples showed the same 

palaeodirection and palaeointensity behaviour. 

Palaeodirectìon - Al i sites showed very well defined mean directions obtained from 

high temperature components. 

Palaeointensity - The Thelher experiment showed the highest values of the palaeofield 

at low temperatures. However in sites 1714(1906), 1754 and 1760 lava flows, the low 

temperature component seemed to be the most rehable and statistically acceptable. 

c-AD 1806 

Palaeodirection - Sites V24 and V25 belong to group B and showed mean directions 

very similar to each other. However, while the V24 mean value was from components 

that were very well defined mostly in the medium/high rango of temperatures, the V25 

mean direction was obtained from components less defined in the low/medium rango. 

Palaeointensity - In samples from site V25, the values obtained, at low and high 

temperature, were clearly lower, compared with ali the samples from the other sites and 

consistent with ali the other " B " behaviour samples. The low temperature range showed 

the more acceptable value. Sample from site V24 seemed to behave as the samples 

belonging to A1/A2 groups, showing a very high value at the low temperature range and 

a more acceptable, more precise value at high temperature. 

d-AD 1839 

Palaeodirection - Sites V42 and V43, belonging to the A l and A2 groups, showed a 

very well defined mean dùectìons (respectively 095 = 12° and 0.8°) which were obtained 

from high temperature components. Akhough site V44 belongs to group B it also 

showed a well defined mean direction (095=1.6°) that was very consistent with the other 
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two. The only diflFerence was that its mean value was calculated from components 

identified both low/medium and medium/high temperature ranges. 

Palaeointensity - Samples V42, V43 (groups A1/A2), showed very high values at low 

temperature and acceptable values at high range. In the sample from site V44 (group B), 

the values obtained, at low and high temperatures, were clearly lower compared with ali 

the other samples. Furthramore the low temperature range showed the more acceptable 

values that appeared to be consistent with the other sample values. 

9.9.2' Mìavwave experiments 

In general, one palaeofield estimate was obtained from the low range of the microwave 

power. As pointed out earher, in the few samples that showed more than one value, both 

a direct and inverse relationships between microwave power and palaeointensity estìmates 

were found, résulting in graphs that showed shghtly convex/concave curves or two 

difFerent slopes. 

9.9.3 - Conclusion 

a - Palaeodirectìon 

The best results, in terms of precision and consistency within the same site, and also 

between sites within the same lava flow, appear to be obtained for samples belongmg to 

groups A l and A2, i.e. characterized by the dominance of high coercivity Ti-poor 

titanomagnetite. The most hnportant general behaviour, which appeared clearly m ali 

these samples, is that they showed very well defined components within high range of 

temperature (usually greater then 520°C). Samples of group B , characterized by higher 

Ti titanomagnetites and lower coercivity compared with A1/A2 groups, gave less defined 

results that were generally from a mediiun range of temperature (390-500°C). Sites V24 

and V44 showed the best statistical results in this group, almost comparable with those 

obtained by the samples of groups A1/A2. Afta- a fiuther review of their magnetic 
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properties, they appeared to have intermediate characteristics lying between groups 

A1/A2 and B . In fact, sample V24.2 had K and KARM values (Tab. 8.1) comparable with 

the other of group B while their HCR values were clearly more similar to groups A1/A2. 

In sample V44.4a ail the values were comparable with those of group B but its 

mineralogy (see section 8.6c) showed the coexistence of high and low coerdvity Ti-poor 

titanomagnetites. Site V30 (Ex) showed acceptable results although it seemed to be 

characterized by a titano-haematite magnetic carrier. The mediiun température (up to 

460°C) components, identified withm most samples, could be due to the présence of the 

titanomagnetite (x=2) observed m the soft coerdvity fi-action of the 3 axes I R M 

experiment (section 7.6d). A coexistence with a low percentage of titanomagnetite, with 

higher Tub, can only be hypothesised but not clearly afSrmed, as an explanation of the 

source of the high température components identified within some samples. 

b - Palaeointensity 

A i l the samples belongmg to groups A1/A2 showed very high values (sometime too 

high) over low température ranges and acceptable value at high température ranges. AU 

the samples (except V24) belongmg to group B showed clearly lower values at low and 

high température ranges. Sample V30 (Ex) behaved as samples of groups A1/A2. A 

doser analyses of the magnéto mineralogical charaderistics of thèse two apparent 

anomalous behaviours (V24, V30), showed that they had rock magnetic parameters that 

were différent fi-om ail the others used to classify the différent groups, except for HCR 

which was comparable with ail the values showed by A1/A2. Although more évidence is 

needed, this seems to suggest that, of the thermally analysed samples, the grain sizes were 

significantly influential on the palaeointensity détermination. However, this behaviour 

could be due to the fad that m gênerai the magndo-mmeralogy was almost the same in ail 

the samples, and the few exceptions may be untypical. No particular relationship was 

observed between magnetic property groups and microwave components behaviour. 
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Although Hill & Shaw (1999 and 2000) illustrate that the microwave method usmg the 

perpendicular field method is highly successfid for recent lava, for Vesuvian lavas it was 

not possible to get very high quahty results. Reasons for this results just acceptable, could 

be human error when the experiments were carried out (it is, in fact, very easy with the 

microwave equipment to change the direction of the apphed field) or that the samples 

contained secondary components that were not ranoved. Furthermore the samples need 

to be isotropic (but this is usually the case for lava) and the primary direction of 

magnetisation should be stable, although almost all the thermal experiments and some 

microwave demagnetization showed that the sample analysed can be considered 

characterised by smgle con:^)onent. 

9.10 - Paleo-Secular Variation Curves 

9.10.1 - Directions 

A l l the sites mean values obtained have been plotted on a DEC/INC graph (Fig. 9.1) 

with their relative 95% probability error bars (6Dec and 6Inc). A l l the sites define two 

clear trends: A) with a dechnation around 15° and B) \wth a dechnation around 350° (-

10° on the graph). Sites of the A D 79-1631 lava flows he very close to each other on the 

arc A , except sites V033 and V026. Both of these have poor statistical definitions (095 

and M A D ) . On this basis and for their magnetic properties (section 9.9), they will not be 

considered here. Site V028 and V029 (AD 1697) he quite close to each other. The 

former will be considered, despite a large scatter, for several reasons. Its mean value has 

been calculated from only three samples but with very well defined components (see Tab. 

9.11). Its mean value is consistent with V029 that has a good statistical definition. 

Finally, its magnetic properties did not show anomalous behaviour. Both sites he on arc 

A at a lower inclination than that showed by sites belonging to A D 79-1631. Each of A D 

1754,1760,1806 and 1839 lava flows has sites that he very close to each other. In 

general, they he on arc B , with a progressive decrease m mchnation with age. Sample 
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V038 belongs to an uncertain lava flow (1714/1906), lies on the are B with the lowest 

mchnation and is therefore mconsistent with the 1714 age, but consistent with the 

alternative 1906 age. Consequently, ali the lava flows seem to define two different arcs 

(A and B) , with A having a clockwise trend with decreasmg age, and B bave an 

apparently anti-clockwise trend. 

The lava flows mean values, with their relative error bars, are then compared with 

other results from a recent palaeomagnetic study on Mt. Etna, Mt. Arso (Ischia, Naples) 

and Mt. Vesuvius (AngeUno et al., 1999, Incoronato, 1996, Gialanella et al., 1998). Al i 

the lava values of Dee and Ine, summarised on the South Itahan Secular Variation Curve 

(SISVC), bave been relocated to Vesuvius via the incUned geocentric dipolo method 

(Noel and Batt, 1990) and will be referred to as V (for Vesuvius), E (for Etna) and A (for 

Arso). The curve, relocated to Vesuvius, will be referred to as V S V C . 

The V S V C shows a clear clockwise trend (Fig. 9.2), startmg from El284/85 until 

E1983, and a medieval branch with an upward frend. The clearest result is that the lava 

flow mean vaine obtained from V79-1631 has exactly the same direction of the V I 631 on 

the V S V C . Therefore, the mean value obtained from the dùectional study can be ascribed 

to that tìme. The age attributed m hterature to V1697 lava flow seems to be wrong. In 

fact, its mean value, as described earher, has a IOWCT inclination than V I 631, and hes 

between E1595 and E1537. Because of its high error in Dee and Ine it could also bave a 

medieval age or even be attributed to V1631. However, as discussed earher, site V29 

(see Fig. 9.1) is much better defined and seems to suggest a mid X V I century (-ADI540). 

Both the mean values obtained from V1754 and V1760 he very dose to the previously 

identified V I 760 lava flow. Furthermore, they follow the same clockwise frend. The age 

attributed m hterature to these two lava flows seems, therefore, to be corred. The same 

observations can be made for VI806 and V I 839. They both he before V I 858, very dose 

to the V S V C , and followmg the same frend. The mean value from the site V038 seems to 

resolve the uncertainty on the age of this site (1906 or 1714). Although it hes far from 

V1910, a recent age seems much more reahstic than A D 1714. 
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9.10.2 - Intensity 

A l l the sites mean values have been plotted on time-dependent graphs with their 

relative standard deviations. On the basis of the ambiguous drectional results obtained for 

the A D 1697 lava flow (section 9.10.1), two different ages are considered: the ages 

attributed m hterature and that suggested by the dùectional data (~AD 1540). The mean 

value fi-om the site V038 does not seems to resolve the vmcertainty on the age of this site 

(1906 or 1714). However a high value of the palaeomtensity (-85 pT fi-om M T T and 

-100 pT fi-om microwave), appear um-eahstic for the first option, therefore the older age 

will be considered. 

The values of the palaeointensity obtained for A D 1631 from both M T T and 

microwave experiments are quite similar. 

MTT experiment - As the palaeointensity results showed for both A D 1754 and A D 

1760 two possible values (see Tabs. 9.23 and 9.29), both are considered. Starting from 

the last century the intensity plots seem to show a shght decrease until A D 1806 (Fig. 

9.3a,b) or A D 1754/60 (Fig. 9.4a,b). This is followed by a quite rapid increase until the 

begmmng of the XVm century. If the correct age for V28 and V29 is A D 1697 (Figs. 

9.3a and 9.4a) then the palaeointensity seems to stay fairly constant until A D 1631. If the 

age A D 1540 is considered correct then the palaeointensity shows a shght decrease (Figs. 

9.3b and 9.4b) 

Microwave experiment - The results seem to show a general but clear increase in 

intaisity with the decreasmg time. This frend is even clearer if sites V28 and V29 are 

considered to be of A D 1540 (Fig.9.5a,b). 
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FIg. 9.3a,b - Time-dependent graph with ali theraial palaeointensity results. 
In a) and b) two diiferent ages are considered for sites V28 and V29 (see section 9.10.2). 
In both graphs the highest values obtained for sites V39,V40,V41 and V32,V34,V35 are shown. 
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Flg. 9.4a,b - Time-dependent graph with ali the thermal palaeointensity results. 
In a) and b) two diSèrent ages are considered for sites V28 and V29 (see section 9.10.2). 
In both graphs the lowest values obtained for sites V39,V40,V41 and V32,V34,V35 are shown. 
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Fig. 9.Sa,b - Time-dependent graph with ali microwave palaeointensity results. 
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Chapter X 

CONCLUSIONS 

10.1 - Validity of historical reports 

"L'ultimo rivo di fuoco allagando la campagna ne bruciava alcune, altre tralasciava 
senza far danno e per labirinti e per giri, in sembianze di un meandro, fiammeggiante, 

serpeggiante, diede finalmente nella strada regia" (from Recupito, 1635) 

The recorded history of Vesuvius has been largely handed down through orai traditions 

and the writings of historians and ciuoniclers. Himdreds of papers have been written about 

its eruptive history and its products, although geo-volcanological mapping is surprisingly 

scarce (Johnston-Lavis, 1891, Ufficio Geologico d'Italia, 1910, Servizio Geologico ditalia, 

1971). The middle period, the A D . 79-1631 time-span, bas few and intermittent historical 

documentation (the most famous is certainly the description of the A D 79 éruption reported 

by Pliny the Younger), while the yoimgest period (1631-1944) is, on the whole, well 

documented. Reconstmction of the eruptive history of tìie volcano during this time span is 

mainly based on the collection, interprétation, and synthesis of historical documentation and 

bas différent approaches according to their reliability. Very detailed, but in part confusing 

or even misleading information is available about the A D 1631 éruption from 

contemporaneous or near-contemporaneous sources (Braccini, 1632, Danza, 1632, Falcone, 

1632, Giuhani, 1632, Masculi, 1633, Mormile, 1635, Recupito, 1632, Naudet, 1632, De 

Contreras, 1633). [The opening sentence of this section is one ofthe numerous descriptions 

of the AD 1631 event. It describes a "river of fire" {rivo di fuoco) that, as meander, slowly 

reaches the main road {strada regia).] Most ofthe more or less recent works are mainly 

based on the same historical sources but end up with contrasting hypothèses. For example 
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Amo' et al., (1987) made a reconstruction of the 1631 event, underlining that the éruption was 

exclusively characterized by explosive behaviour. In fect they afïîrmed that no lavas 

connected with this event were recognised: all lava flows assigned to 1631 were said to be 

older, having probably been erupted during the period 968-1037. In contrast, Burri and Di 

Girolamo (1975) affirmed that the éruption was certainly characterized by a significant 

efiusive component Such a contrast can be due to subjective interprétations and it is 

possible that historical sources can report altered version of the real course of the éruption, 

especially if it was of wide proportion and rapidly changing. Braccini, who is one of the 

most accredited sources, together with many other contemporaneous authors, described the 

beginning of the 1631 éruption as a huge column about 30 miles high. Naudet inexplicably 

missed this immistakable "particular". Detailed récent gèo-volcanological observations 

(Rolandi et aL, 1991) confirmed the hypothesis of the initial explosive éruption with a 

sustained colimm. On the other hand, Braccini does not mention any bountiful rains on the 

days of the éruptions and describes some "flows" as coming straight from Ihe mountain. This 

could be interpreted as pyroclastic flows but all the other authors reported the same flows as 

results of veiy heavy rain, which gives a completely différent volcanological picture. 

However the importance of historical sources is not m discussion, but it is equally important 

to verify, when possible, their truthfiihiess with fîeld observation and/or all the modem 

sources. This study bas shown that establishing v^diether or not différent exposures or ûows 

are contemporaneous can be established, in most, but not all, cases successfully using their 

magnetic remanences to defiine the geomagnetic field dhection and intensity at the time of 

éruption. 

10.2 - Nature and frequency of Vesuvian éruptions. 
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Vesuvius is probably the most femous volcano on Earth, and certainly one of the most, if 

not the most dangerous. It is particular for its unusual versatiHty, its activity ranging from 

Hawaiian-style émission of very liquid lava, with fountains and lava lakes, to Strombolian 

and Vulcanian violendy explosive activity, including Plinian events that produce pyroclastic 

flows and surges. The eruptive activity of Vesuvius is wddely considered to occur in cycles 

of several centuries, altemating with repose periods also of several centuries duration. Each 

of thèse repose periods ends with a major (Plinian) éruption, thus initiating an active cycle. 

One of the problems is that cycles apparently do not always repeat exactly the same pattems 

and phenomena. Thus, the cycle or cycles foUowing the 79 A.D. éruption seem to bave 

been quite différent from the most récent one, lasting from 1631 until 1944. Critically since 

December 1944 Vesuvius bas remained donnant This long quiescent period départs from the 

1631-1944 pattem of activity. Therefore, the mode of the fiiture rraiewal of activity cannot be 

predicted at this stage. 

Vesuvius is also well known for the high density of population living in the surrounding 

area. Almost half a milhon people live m towns and villages around the volcano, in the zone 

immediately threatened by friture éruptions. Since the last éruption, occurred in 1944, the 

population bas had an exponential increase that also increased the volcanic haz^d. 

Basically the hazard is based on two principal parameters: the probability that a certain 

volcanic phenomenon can happen and the damages that it can cause. On this basis, although 

the next Vesuvian éruption cannot be predicted, the high density of population surrounding 

the volcano makes Vesuvius a very high hazard phenomenon. For this reason knowledge of 

the frequency and nature of events plays an important rôle in assessing the hazard of this 

volcanic area. As described above, it is still a matter of debate whether the A D 1631 

éruption was a purely explosive or mixed explosive-efFusive event From this work ail the 
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lava flow mean valué obtained from V79-1631 had exactly the same direction as that of the 

VI631 on the V S V C (see section 9.10.1). Therefore, the mean valué obtained from the 

directional study can be ascribed to that time and that lava flows were emitted during the 

A D 1631 event. Henee it cannot be considered entirely explosive. Another case is that the 

age attributed in the literature to VI697 lava flow is not consistent with the directional 

results. In fect, its mean valué seems to suggest a very different age (between AD 1595 and 

A D 1537). Some poor historical sources do mention a minor event occurred in AD 1568 

(Palmieri, 1880). Although more investigations are needed, it seems realistic that the age 

A D 1696 attributed in literature is wrong and that a small eJSusive event did occur during the 

X V I century, about 100 years hefore the last big eruption. This can be important as the 

eruptive activity of Vesuvius occurs in altemated cycles of activity and repose and that the 

cycle or cycles preceding the A D 1631 are considered to be quite different from the most 

recentone. 

103 - Comparison of microwaves and MTT experiments 

The types of lavas analysed are characterized by the dominance of high coercivity Ti -

poor titanomagnetite (A1/A2 groups) and titanomagnetites with relatively higher contení of 

titanium and lower coercivity (group B). The palaeointensity thermal experiment always 

showed an inverse relationship between the temperature ranges and the palaeointensities 

estimated, with slightly concave curves, or two clearly different slopes for temperature v. 

intensity. Al i the samples belonging to groups A1/A2 showed very high valúes (sometime 

too high) over low temperature ranges and acceptable valué over high temperature ranges. 

A l i the samples (except V24) belonging to group B showed clearly lower valúes at low and 

high temperature ranges. As the magneto-mineralogy is almost the same in ali the samples, 
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it seems possible that différences in grain sizes may be important (section 9.9.3). Although 

more évidence is needed, it seems that grain-size may be a more important fector in thermal 

experiments than bas generally been recognised. No particular relationship was observed 

between magnetic property groups and microwave components behaviour. From microwave 

experiments one palaeofield estimate was, in general, obtained from the low range of the 

microwave power. For almost ail the sample analysed, considering the entire spectrum of the 

microwave power, therefore considering also the unaccepted data where thêta was tending to 

increase with the increasing power, a convex microwave power relationship to intensity (the 

inverse to the concave temperature relationship to intensity) was observed. At this stage, it 

is not clear w^y this relationship should exist It may, for example, indicate that the 

microwave technique is even more sensitive to the grain size range or that the available 

microwave power range now exceeds that necessary for isolating meaningful palaeointensity 

déterminations for Vesuvian lava. 

In terms of results (Fig.10,1) those obtained for A D 1631 from both techniques are 

almost the same while those for A D 1714 are feirly consistent A i l the others are 

significandy différent In general the thermal experiment gives palaeointensity estimate 

lower than the microwave (except for A D 1754 and 1760 which had two différent estimâtes, 

one higher and one lower than the microwave value). Although the plots do not show clear 

trends for either techniques, it seems that the microwave results are more consistent with a 

linear decrease in intensity, while the thermal results gives higher and somewhat more 

variable time dependence of palaeointensity. In both methods, the geomagnetic intensity 

bas been generally decreasing with increasing time, particularly if the older âge (~AD 1540) 

is attributed to AD 1697. This general trend is similar to that one obtained for the last few 

century from other European, Mediterranean and Near East régions (Aitken et al., 1989). 
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Fig. 10.1 - Comparison of thermal and microwave palaeointensity results. 
Red line when the âge 1540 is considered instead of 1697 (see section 9.10.2 and 10.3). 
MTTl and MTT2 (dashed lines) considering both the high and low values obtained for E and F. 
With empty circle a set of palaeointensity values from Mt. Etna, Sicily (Rolph & Shaw, 1986). 



10.4 - Palaeointensity and Palaeodirections as dating tools 

It is well known that lava sequences can provide a series of readings of the geomagnetic 

field at the time of their extrusion. However, without time-markers, their directions and 

intensities can be used usefully only for correlation and discriminations between different 

lava flows. Normally one can date the rock when the palaeomagnetic field for that time has 

already been determined for another site accompanied by an absolute (usually radiometric) 

date. Potassium-argon (K-Ar) and Ar-Ar techniques are amongst the most common but, as 

with most dating tools, they are based on assumptions. In the case of K-Ar, for example, 

any original Ar must be lost from the magma prior to crystallisation and cooling, and all 

•''"'"'Ar generated subsequent to cooling must remain trapped in the rock. Unfortimately both 

assumptions can feil since they are not immune from chemical alteration problems and, in 

particular circiunstances, original ^'Ar and '"'Ar can coexist with those generated 

subsequently. In addition this technique is neither very sensitive for very yoimg ages nor 

cheap. This study has shown that historic Vesuvian lava flows can record and retain 

palaeomagnetic information that can be successfully used to define the geomagnetic field 

direction and intensity at the time of eruption. This characteristic, in the case of Vesuvius 

that has erupted ahnost continuously for three centuries (AD 1631 -1944) and for which most 

of the events are well dociunented, makes palaeomagnetic methods particularly valid as 

dating tools. From this study a better definition of the geomagnetic field has been obtained 

for the X V m and XIX centuries, at least for directional data, wiiile for the first time both 

palaeodirection and palaeointensity (the latter evaluated using two completely different 

techniques) identified lava flows emitted during the AD 1631 event This result so fer, has 

not been obtained from any other dating tools, despite the volcanological importance of this 
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eruption. However, this result is the only one obtained from the combined direction and 

intensity determinations. For ali the other lava flows, thermal and microwave 

palaeointensity determinations showed a low levei of agreement and ambiguous age 

interpretations m some cases. Furthermore although directional data obtained from thermal 

experiments showed that they work extremely well on lava, no comparable directional 

studies bave yet been made using microwave experiments to establish i f the components 

isolated in this way bave the same directional valúes as those determined thermally. 

10.5 - Futifaer work 

Form this work it appears that Vesuvian lava flows can record and retain directional 

palaeomagnetic information somewhat more successfiilly than the intensity. This couid be 

due to a particular characteristic of minerais involved in the process of acquisition of 

magnetic reraanence in these particular lavas or it could be due to the current accuracy of 

techniques at this stage of development It is also possible that the basic linear relationship 

hypothesised between N R M and T R M is not vahd at least for Vesuvian lavas. In order to 

understand tìiat more study are suggested on the following: 

Vesuvian Magneto-nùneralogy 

More studies are suggested, especially on determining grain-sizes. In fect more evidence 

is needed to xmderstand why this factor appears to be so influential on both thermal and 

microwave palaeointensity experiments. Furthermore it is not clear why this influence 

seems to be more evident in microwave technique than in thermal experiments. However, it 

is also not clear which technique is actually more valid as ali comparisons, at this stage are 

with previous thermal methods or extrapolations of geomagnetic valúes, only made since 

1835. 
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Palaeointensìty experiments: thermal and nùcrowave 

The "acceptable" microwave values are ali established at lower power ranges than the 

"unacceptable" values, indicating that the available microwave power range now exceeds 

that necessary for isolating meaningful palaeointensity determinations from these types of 

lava. The convex microwave power relationship to intensity, observed using ali the data 

points, was the inverse of that of the concave temperature relationship to intensity. At this 

stage, it is not clear vsdiy this relationship should exist It may be related to the fect (as 

pointed out above) that the microwave technique is even more sensitive to the grain size 

range, or to the high stability of the primaiy direction of magnetization which probably 

become less stable with the increasing power. Or it is simply too subject to human errors. 

Vesuvian eruptìons 

As described earlier, the age attributed in the hterature to V I 697 lava flow is not 

consistent with the directional results. In fact, its mean vaine seems to suggest a veiy 

different age (between AD 1595 and A D 1537). On the base of the present work, it seems 

that the age of A D 1696 attributed in literature is wrong and that a small efEusive event did 

occvu during the X V I century. However, because of the importance of this information for 

the Vesuvius volcanic hazard, more evidence is needed and fiuther investigations are 

recommended. 
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